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1
METHODS FOR PRODUCING A
TRIGLYCERIDE COMPOSITION FROM
ALGAE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. 119(e)
of U.S. Provisional Patent Application No. 61/118,590, filed
Nov. 28, 2008, U.S. Provisional Patent Application No.
61/118,994, filed Dec. 1, 2008, U.S. Provisional Patent
Application No. 61/174,357, filed Apr. 30, 2009, and U.S.
Provisional Patent Application No. 61/219,525, filed Jun.
23, 2009. Each of these applications is incorporated herein
by reference in its entirety for all purposes.

REFERENCE TO A SEQUENCE LISTING

This application includes a sequence listing as shown in
pages 1-180, appended hereto.

FIELD OF THE INVENTION

The present invention relates to the production of oils,
fuels, and oleochemicals made from microorganisms. In
particular, the disclosure relates to oil-bearing microalgae,
methods of cultivating them for the production of useful
compounds, including lipids, fatty acid esters, fatty acids,
aldehydes, alcohols, and alkanes, and methods and reagents
for genetically altering them to improve production effi-
ciency and alter the type and composition of the oils
produced by them.

BACKGROUND OF THE INVENTION

Fossil fuel is a general term for buried combustible
geologic deposits of organic materials, formed from decayed
plants and animals that have been converted to crude oil,
coal, natural gas, or heavy oils by exposure to heat and
pressure in the earth’s crust over hundreds of millions of
years. Fossil fuels are a finite, non-renewable resource.

Increased demand for energy by the global economy has
also placed increasing pressure on the cost of hydrocarbons.
Aside from energy, many industries, including plastics and
chemical manufacturers, rely heavily on the availability of
hydrocarbons as a feedstock for their manufacturing pro-
cesses. Cost-effective alternatives to current sources of sup-
ply could help mitigate the upward pressure on energy and
these raw material costs.

PCT Pub. No. 2008/151149 describes methods and mate-
rials for cultivating microalgae for the production of oil and
particularly exemplifies the production of diesel fuel from
oil produced by the microalgae Chlorella protothecoides.
There remains a need for improved methods for producing
oil in microalgae, particularly for methods that produce oils
with shorter chain length and a higher degree of saturation
and without pigments, with greater yield and efficiency. The
present invention meets this need.

SUMMARY OF THE INVENTION

The invention provides cells of the genus Prototheca
comprising an exogenous gene, and in some embodiments
the cell is a strain of the species Prototheca moriformis,
Prototheca krugani, Prototheca stagnora or Prototheca zop-
fii and in other embodiment the cell has a 23S rRNA
sequence with at least 70, 75, 80, 85 or 95% nucleotide
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identity to one or more of SEQ ID NOs: 11-19. In some cells
the exogenous gene is coding sequence and is in operable
linkage with a promoter, and in some embodiments the
promoter is from a gene endogenous to a species of the
genus Prototheca. In further embodiments the coding
sequence encodes a protein selected from the group con-
sisting of a sucrose invertase, a fatty acyl-ACP thioesterase,
a fatty acyl-CoA/aldehyde reductase, a fatty acyl-CoA
reductase, a fatty aldehyde reductase, a fatty aldehyde
decarbonylase, an acyl carrier protein and a protein that
imparts resistance to an antibiotic. Some embodiments of a
fatty acyl-ACP thioesterase that has hydrolysis activity
towards one or more fatty acyl-ACP substrates of chain
length C8, C10, C12 or Cl4, including acyl-ACP thio-
esterases with at least 50, 60, 70, 80, or 90% amino acid
identity with one or more sequences selected from the group
consisting of SEQ ID NOs: 59, 61, 63 and 138-140. In
further embodiments the coding sequence comprises a plas-
tid targeting sequence from microalgae, and in some
embodiments the microalgae is a species of the genus
Prototheca or Chilorella as well as other genera from the
family Chlorellaceae. In some embodiments the plastid
targeting sequence has at least 20, 25, 35, 45, or 55% amino
acid sequence identity to one or more of SEQ ID NOs:
127-133 and is capable of targeting a protein encoded by an
exogenous gene not located in the plastid genome to the
plastid. In other embodiments the promoter is upregulated in
response to reduction or elimination of nitrogen in the
culture media of the cell, such as at least a 3-fold upregu-
lation as determined by transcript abundance in a cell of the
genus Prototheca when the extracellular environment
changes from containing at least 10 mM or 5 mM nitrogen
to containing no nitrogen. In further embodiments the pro-
moter comprises a segment of 50 or more nucleotides of one
of SEQ ID NOs: 91-102. In other embodiments the cell has
a 23S rRNA sequence with at least 70, 75, 80, 85 or 95%
nucleotide identity to one or more of SEQ ID NOs: 11-19.
In other embodiments the exogenous gene is integrated into
a chromosome of the cell.

In additional embodiments of cells of the invention, the
cell is of the genus Prototheca and comprises an exogenous
fatty acyl-ACP thioesterase gene and a lipid profile of at
least 4% C8-C14 of total lipids of the cell, an amount of C8
that is at least 0.3% of total lipids of the cell, an amount of
C10 that is at least 2% of total lipids of the cell, an amount
of C12 that is at least 2% of total lipids of the cell, an amount
of C14 that is at least 4% of total lipids of the cell, and an
amount of C8-C14 that is 10-30%, 20-30%, or at least 10,
20, or 30% of total lipids of the cell. In some embodiments
the cell further comprises an exogenous sucrose invertase
gene. In some embodiments the cell is a strain of the species
Prototheca moriformis, Prototheca krugani, Prototheca
stagnora or Prototheca zopfii, and in other embodiment the
cell has a 23S rRNA sequence with at least 70, 75, 80, 85 or
95% nucleotide identity to one or more of SEQ ID NOs:
11-19. In other embodiments the exogenous fatty acyl-ACP
thioesterase gene is integrated into a chromosome of the cell.
Other embodiments of the invention comprise methods of
making triglyceride compositions of a lipid profile of at least
4% C8-C14 w/w or area percent of the triglyceride compo-
sition, an amount of C8 that is at least 0.3% w/w or area
percent, an amount of C10 that is at least 2% w/w or area
percent, an amount of C12 that is at least 2% w/w or area
percent, an amount of C14 that is at least 4% w/w or area
percent, and an amount of C8-C14 that is 10-30%, 20-30%,
or at least 10, 20, or 30% w/w or area percent. The invention
also comprises methods of making triglyceride composi-
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tions comprising cultivating the foregoing cells, wherein the
cells also comprise an exogenous gene encoding a sucrose
invertase and sucrose is provided as a carbon source. In
some embodiments the sucrose invertase has at least 50, 60,
70, 80, or 90% amino acid identity to one or more of SEQ
ID NOs: 3, 20-29 and 90.

Embodiments of the invention include triglyceride oil
compositions as well as cells containing triglyceride oil
compositions comprising a lipid profile of at least 4%
C8-C14 and one or more of the following attributes: 0.1-0.4
micrograms/ml total carotenoids, less than 0.4 micrograms/
ml total carotenoids, less than 0.001 micrograms/ml lyco-
pene; less than 0.02 micrograms/ml beta carotene, less than
0.02 milligrams of chlorophyll per kilogram of oil; 0.40-
0.60 milligrams of gamma tocopherol per 100 grams of oil;
0.2-0.5 milligrams of total tocotrienols per gram of oil, less
than 0.4 milligrams of total tocotrienols per gram of oil, 4-8
mg per 100 grams of o0il of campesterol, and 40-60 mg per
100 grams of oil of stigmasterol. In some embodiments of
the invention the triglyceride oil compositions have a lipid
profile of at least 4% C8-C14 w/w or area percent of the
triglyceride composition, an amount of C8 that is at least
0.3% w/w or area percent, an amount of C10 that is at least
2% w/w or area percent, an amount of C12 that is at least 2%
w/w or area percent, an amount of C14 that is at least 4%
w/w or area percent, and an amount of C8-C14 that is
10-30%, 20-30%, or at least 10, 20, or 30% w/w or area
percent. In other embodiments the triglyceride oil compo-
sition is blended with at least one other composition selected
from the group consisting of soy, rapeseed, canola, palm,
palm kernel, coconut, corn, waste vegetable, Chinese tallow,
olive, sunflower, cotton seed. chicken fat, beef tallow, por-
cine tallow, microalgae, macroalgae, Cuphea, flax, peanut,
choice white grease, lard, Camelina sativa, mustard seed
cashew nut, oats, lupine, kenaf, calendula, hemp, coffee,
linseed (flax), hazelnut, euphorbia, pumpkin seed, coriander,
camellia, sesame, safflower, rice, tung tree, cocoa, copra,
pium poppy, castor beans, pecan, jojoba, jatropha, macada-
mia, Brazil nuts, avocado, petroleum, or a distillate fraction
of any of the preceding oils.

Methods of the invention also include processing the
aforementioned oils of by performing one or more chemical
reactions from the list consisting of transesterification,
hydrogenation, hydrocracking, deoxygenation, isomeriza-
tion, interesterification, hydroxylation, hydrolysis to yield
free fatty acids, and saponification. The invention also
includes hydrocarbon fuels made from hydrogenation and
isomerization of the aforementioned oils and fatty acid alkyl
esters made from transesterification of the aforementioned
oils. In some embodiments the hydrocarbon fuel is made
from triglyceride isolated from cells of the genus Prototheca
wherein the ASTM D86 T10-T90 distillation range is at least
25° C. In other embodiments the fatty acid alkyl ester fuel
is made from triglyceride isolated from cells of the genus
Prototheca, wherein the composition has an ASTM D6751
Al cold soak time of less than 120 seconds.

The invention also includes composition comprising (a)
polysaccharide comprising one or more monosaccharides
from the list consisting of 20-30 mole percent galactose;
55-65 mole percent glucose; and 5-15 mole percent man-
nose; (b) protein; and (c) DNA comprising a 23S rRNA
sequence with at least 70, 75, 80, 85 or 95% nucleotide
identity to one or more of SEQ ID NOs: 11-19; and (d) an
exogenous gene. In some embodiments the exogenous gene
is selected from a sucrose invertase and a fatty acyl-ACP
thioesterase, and in further embodiments the composition
further comprises lipid with a lipid profile of at least 4%
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C8-C14. In other embodiments the composition is formu-
lated for consumption as an animal feed.

The invention includes recombinant nucleic acids encod-
ing promoters that are upregulated in response to reduction
or elimination of nitrogen in the culture media of'a cell of the
genus Prototheca, such as at least a 3-fold upregulation as
determined by transcript abundance when the extracellular
environment changes from containing at least 10 mM or 5
mM nitrogen to containing no nitrogen. In some embodi-
ments the recombinant nucleic acid comprises a segment of
50 or more nucleotides of one of SEQ ID NOs: 91-102. The
invention also includes nucleic acid vectors comprising an
expression cassette comprising (a) a promoter that is active
in a cell of the genus Prototheca; and (b) a coding sequence
in operable linkage with the promoter wherein the coding
sequence contains the most or second most preferred codons
of Table 1 for at least 20, 30, 40, 50, 60, or 80% of the
codons of the coding sequence. In some vectors the coding
sequence comprises a plastid targeting sequence in-frame
with a fatty acyl-ACP thioesterase, including thioesterase
that have hydrolysis activity towards one or more fatty
acyl-ACP substrates of chain length C8, C10, C12 or C14.
Some vectors include plastid targeting sequences that
encode peptides that are capable of targeting a protein to the
plastid of a cell of the genus Prototheca, including those
from microalgae and those wherein the plastid targeting
sequence has at least 20, 25, 35, 45, or 55% amino acid
sequence identity to one or more of SEQ ID NOs. 127-133
and is capable of targeting a protein to the plastid of a cell
of the genus Prototheca. Additional vectors of the invention
comprise nucleic acid sequences endogenous to the nuclear
genome of a cell of the genus Prototheca, wherein the
sequence is at least 200 nucleotides long, and some vectors
comprise first and second nucleic acid sequences endog-
enous to the nuclear genome of a cell of the genus Proroth-
eca, wherein the first and second sequences (a) are each at
least 200 nucleotides long; (b) flank the expression cassette;
and (c) are located on the same Prototheca chromosome no
more than 5, 10, 15, 20, and 50 kB apart.

The invention also includes a recombinant nucleic acid
with at least 80, 90, 95 or 98% nucleotide identity to one or
both of SEQ ID NOs: 134-135 and a recombinant nucleic
acid encoding a protein with at least 80, 90, 95 or 98% amino
acid identity to one or both of SEQ ID NOs: 136-137.

The invention also comprises methods of producing tri-
glyceride compositions, comprising (a) culturing a popula-
tion of cells of the genus Profotheca in the presence of a
fixed carbon source, wherein: (i) the cells contain an exog-
enous gene; (ii) the cells accumulate at least 10, 20, 30, 40,
60, or 70% of their dry cell weight as lipid; and (iii) the fixed
carbon source is selected from the group consisting of
sorghum and depolymerized cellulosic material; and (b)
isolating lipid components from the cultured microorgan-
isms. In some embodiments the fixed carbon source is
depolymerized cellulosic material selected from the group
consisting of corn stover, Miscanthus, forage sorghum,
sugar beet pulp and sugar cane bagasse, optionally that has
been subjected to washing with water prior to the culturing
step. In some methods the fixed carbon source is depolymer-
ized cellulosic material and the glucose level of the depo-
lymerized cellulosic material is concentrated to a level of at
least 300 g/liter, at least 400 g/liter, at least 500 g/liter, or at
least 600 g/liter of prior to the culturing step and is fed to the
culture over time as the cells grow and accumulate lipid. In
some methods the exogenous gene encodes a fatty acyl-ACP
thioesterase that has hydrolysis activity towards one or more
fatty acyl-ACP substrates of chain length C8, C10, C12 or
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C14, and in some methods the triglyceride has a lipid profile
of at least 4% C8-C14 and one or more of the following
attributes: 0.1-0.4 micrograms/ml total carotenoids; less
than 0.02 milligrams of chlorophyll per kilogram of oil;
0.40-0.60 milligrams of gamma tocopherol per 100 grams of
oil; 0.2-0.5 milligrams of total tocotrienols per gram of oil,
4-8 mg per 100 grams of oil of campesterol, and 40-60 mg
per 100 grams of oil of stigmasterol.

Further methods of the invention include producing a
triglyceride composition, comprising: (a) culturing a popu-
lation of microorganisms in the presence of depolymerized
cellulosic material, wherein: (i) the depolymerized cellulosic
material is subjected to washing with water prior to the
culturing step; (ii) the cells accumulate at least 10, 20, 30,
40, 60, or 70% of their dry cell weight as lipid; and (iii) the
depolymerized cellulosic material is concentrated to at least
300, 400, 500, or 600 g/liter of glucose prior to the culti-
vation step; (iv) the microorganisms are cultured in a fed-
batch reaction in which depolymerized cellulosic material of
at least 300, 400, 500, or 600 g/liter of glucose is fed to the
microorganisms; and (b) isolating lipid components from the
cultured microorganisms. In some embodiments the fixed
carbon source is depolymerized cellulosic material selected
from the group consisting of corn stover, Miscanthus, forage
sorghum, sugar beet pulp and sugar cane bagasse. In further
embodiments the microorganisms are a species of the genus
Prototheca and contain an exogenous gene, including a fatty
acyl-ACP thioesterase that has hydrolysis activity towards
one or more fatty acyl-ACP substrates of chain length C8,
C10, C12 or C14. A further method of the invention com-
prises manufacturing triglyceride oil comprising cultivating
a cell that has a 23S rRNA sequence with at least 90 or 96%
nucleotide identity to SEQ ID NO: 30 in the presence of
sucrose as a carbon source.

The invention also includes methods of manufacturing a
chemical comprising performing one or more chemical
reactions from the list consisting of transesterification,
hydrogenation, hydrocracking, deoxygenation, isomeriza-
tion, interesterification, hydroxylation, hydrolysis, and
saponification on a triglyceride oil, wherein the oil has a
lipid profile of at least 4% C8-C14 and one or more of the
following attributes: 0.1-0.4 micrograms/ml total carote-
noids; less than 0.02 milligrams of chlorophyll per kilogram
of oil; 0.10-0.60 milligrams of gamma tocopherol per 100
grams of oil; 0.1-0.5 milligrams of total tocotrienols per
gram of oil, 1-8 mg per 100 grams of oil of campesterol, and
10-60 mg per 100 grams of oil of stigmasterol. Some
methods are performed by manufacturing the oil by culti-
vating a cell of the genus Prototheca that comprises an
exogenous fatty acyl-ACP thioesterase gene that encodes a
fatty acyl-ACP thioesterase having hydrolysis activity
towards one or more fatty acyl-ACP substrates of chain
length C8, C10, C12 or C14. In some methods the hydrolysis
reaction is selected from the group consisting of saponifi-
cation, acid hydrolysis, alkaline hydrolysis, enzymatic
hydrolysis, catalytic hydrolysis, and hot-compressed water
hydrolysis, including a catalytic hydrolysis reaction wherein
the oil is split into glycerol and fatty acids. In further
methods the fatty acids undergo an amination reaction to
produce fatty nitrogen compounds or an ozonolysis reaction
to produce mono- and dibasic-acids. In some embodiments
the oil undergoes a triglyceride splitting method selected
from the group consisting of enzymatic splitting and pres-
sure splitting. In some methods a condensation reaction
follows the hydrolysis reaction. Other methods include
performing a hydroprocessing reaction on the oil, optionally
wherein the product of the hydroprocessing reaction under-
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goes a deoxygenation reaction or a condensation reaction
prior to or simultaneous with the hydroprocessing reaction.
Some methods additionally include a gas removal reaction.
Additional methods include processing the aforementioned
oils by performing a deoxygenation reaction selected from
the group consisting of: a hydrogenolysis reaction, hydro-
genation, a consecutive hydrogenation-hydrogenolysis reac-
tion, a consecutive hydrogenolysis-hydrogenation reaction,
and a combined hydrogenation-hydrogenolysis reaction. In
some methods a condensation reaction follows the deoxy-
genation reaction. Other methods include performing an
esterification reaction on the aforementioned oils, optionally
an interestification reaction or a transesterification reaction.
Other methods include performing a hydroxylation reaction
on the aforementioned oils, optionally wherein a condensa-
tion reaction follows the hydroxylation reaction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 illustrate the growth curves of Prototheca
species and Chlorella luteoviridis strain SAG 2214 grown
on sorghum as the carbon source.

FIG. 3 shows time course growth of SAG 2214 on glucose
and sucrose.

FIG. 4 shows maps of the cassettes used in Prototheca
transformations, as described in Example 3.

FIG. 5 shows the results of Southern blot analysis on three
transformants of UTEX strain 1435, as described in
Example 3.

FIG. 6 shows a schematic of the codon optimized and
non-codon optimized suc2 (yeast sucrose invertase (ylnv))
transgene construct. The relevant restriction cloning sites are
indicated and arrows indicate the direction of transcription.

FIG. 7a shows the results of Prototheca moriformis
grown on cellulosic-derived sugars (corn stover, beet pulp,
sorghum cane, Miscanthus and glucose control). Growth is
expressed in optical density measurements (A750 readings).

FIG. 7b shows the results of growth experiments using
Prototheca moriformis using different levels of corn stover-
derived cellulosic sugar as compared to glucose/xylose
control.

FIG. 7¢ shows the impact that xylose has on the lipid
production in Prototheca cultures.

FIG. 7d shows the impact of salt concentration (Na,SO,)
and antifoam on the growth (in dry cell weight (DCW)) of
Prototheca.

FIG. 8 shows the impact of hydrothermal treatment of
various cellulosic materials (sugar cane bagasse, sorghum
cane, Miscanthus and beet pulp) and the resulting sugar
stream on the growth of Prototheca.

FIG. 9 shows decreasing levels of hydroxymethyl fur-
furals (HMF) and furfurals in cellulosic biomass (sugar cane
bagasse, sorghum cane, Miscanthus and beet pulp) after
repeated cycles of hydrothermal treatment.

FIG. 10 shows a schematic of a saccharification process
of cellulosic materials to generate sugar streams suitable for
use in heterotrophic oil production in a fermentor.

FIG. 11 shows decreasing levels of HMF and furfurals in
exploded sugar cane bagasse after repeated cycles of hydro-
thermal treatment.

FIG. 12 shows a schematic of thioesterase constructs used
in Prototheca transformations. The heterologous beta-tubu-
lin (driving Neo®) and glutamate dehydrogenase promoters
are derived from Chlamydomonas reinhardtii and Chlorella
sorokiniana, respectively. The nitrate reductase 3'UTR was
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derived from Chlorella vulgaris. The relevant restriction
cloning sites are indicated and arrows indicate the direction
of transcription.

FIG. 13 shows a chromatogram of renewable diesel
produced from Prototheca triglyceride oil.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention arises from the discovery that
Prototheca and certain related microorganisms have unex-
pectedly advantageous properties for the production of oils,
fuels, and other hydrocarbon or lipid compositions economi-
cally and in large quantities, as well as from the discovery
of methods and reagents for genetically altering these micro-
organisms to improve these properties. The oils produced by
these microorganisms can be used in the transportation fuel,
petrochemical, and/or food and cosmetic industries, among
other applications. Transesterification of lipids yields long-
chain fatty acid esters useful as biodiesel. Other enzymatic
and chemical processes can be tailored to yield fatty acids,
aldehydes, alcohols, alkanes, and alkenes. In some applica-
tions, renewable diesel, jet fuel, or other hydrocarbon com-
pounds are produced. The present invention also provides
methods of cultivating microalgae for increased productivity
and increased lipid yield, and/or for more cost-effective
production of the compositions described herein.

This detailed description of the invention is divided into
sections for the convenience of the reader. Section I provides
definitions of terms used herein. Section 2 provides a
description of culture conditions useful in the methods of the
invention. Section 3 provides a description of genetic engi-
neering methods and materials. Section 4 provides a descrip-
tion of genetic engineering of Prototheca to enable sucrose
utilization. Section 5 provides a description of genetic
engineering of Prototheca to modify lipid biosynthesis.
Section 6 describes methods for making fuels and chemi-
cals. Section 7 discloses examples and embodiments of the
invention. The detailed description of the invention is fol-
lowed by examples that illustrate the various aspects and
embodiments of the invention.

1. DEFINITIONS

Unless defined otherwise, all technical and scientific
terms used herein have the meaning commonly understood
by a person skilled in the art to which this invention belongs.
The following references provide one of skill with a general
definition of many of the terms used in this invention:
Singleton et al., Dictionary of Microbiology and Molecular
Biology (2nd ed. 1994); The Cambridge Dictionary of
Science and Technology (Walker ed., 1988); The Glossary of
Genetics, 5Sth Ed., R. Rieger et al. (eds.), Springer Verlag
(1991); and Hale & Marham, 7he Harper Collins Dictionary
of Biology (1991). As used herein, the following terms have
the meanings ascribed to them unless specified otherwise.

“Active in microalgae” refers to a nucleic acid that is
functional in microalgae. For example, a promoter that has
been used to drive an antibiotic resistance gene to impart
antibiotic resistance to a transgenic microalgae is active in
microalgae.

“Acyl carrier protein” or “ACP” is a protein that binds a
growing acyl chain during fatty acid synthesis as a thiol ester
at the distal thiol of the 4'-phosphopantetheine moiety and
comprises a component of the fatty acid synthase complex.

“Acyl-CoA molecule” or “acyl-CoA” is a molecule com-
prising an acyl moiety covalently attached to coenzyme A
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through a thiol ester linkage at the distal thiol of the
4'-phosphopantetheine moiety of coenzyme A.

“Area Percent” refers to the area of peaks observed using
FAME GC/FID detection methods in which every fatty acid
in the sample is converted into a fatty acid methyl ester
(FAME) prior to detection. For example, a separate peak is
observed for a fatty acid of 14 carbon atoms with no
unsaturation (C14:0) compared to any other fatty acid such
as C14:1. The peak area for each class of FAME is directly
proportional to its percent composition in the mixture and is
calculated based on the sum of all peaks present in the
sample (i.e. [area under specific peak/total area of all mea-
sured peaks]x100). When referring to lipid profiles of oils
and cells of the invention, “at least 4% C8-C14” means that
at least 4% of the total fatty acids in the cell or in the
extracted glycerolipid composition have a chain length that
includes 8, 10, 12 or 14 carbon atoms.

“Axenic” is a culture of an organism free from contami-
nation by other living organisms.

“Biodiesel” is a biologically produced fatty acid alkyl
ester suitable for use as a fuel in a diesel engine.

“Biomass” is material produced by growth and/or propa-
gation of cells. Biomass may contain cells and/or intracel-
lular contents as well as extracellular material, includes, but
is not limited to, compounds secreted by a cell.

“Bioreactor” is an enclosure or partial enclosure in which
cells are cultured, optionally in suspension.

“Catalyst” is an agent, such as a molecule or macromo-
lecular complex, capable of facilitating or promoting a
chemical reaction of a reactant to a product without becom-
ing a part of the product. A catalyst increases the rate of a
reaction, after which, the catalyst may act on another reac-
tant to form the product. A catalyst generally lowers the
overall activation energy required for the reaction such that
it proceeds more quickly or at a lower temperature. Thus, a
reaction equilibrium may be more quickly attained.
Examples of catalysts include enzymes, which are biological
catalysts; heat, which is a non-biological catalyst; and met-
als used in fossil oil refining processes.

“Cellulosic material” is the product of digestion of cel-
Iulose, including glucose and xylose, and optionally addi-
tional compounds such as disaccharides, oligosaccharides,
lignin, furfurals and other compounds. Nonlimiting
examples of sources of cellulosic material include sugar
cane bagasses, sugar beet pulp, corn stover, wood chips,
sawdust and switchgrass.

“Co-culture”, and variants thereof such as “co-cultivate”
and “co-ferment”, refer to the presence of two or more types
of cells in the same bioreactor. The two or more types of
cells may both be microorganisms, such as microalgae, or
may be a microalgal cell cultured with a different cell type.
The culture conditions may be those that foster growth
and/or propagation of the two or more cell types or those that
facilitate growth and/or proliferation of one, or a subset, of
the two or more cells while maintaining cellular growth for
the remainder.

“Cofactor” is any molecule, other than the substrate,
required for an enzyme to carry out its enzymatic activity.

“Complementary DNA” or “cDNA” is a DNA copy of
mRNA, usually obtained by reverse transcription of mes-
senger RNA (mRNA) or amplification (e.g., via polymerase
chain reaction (“PCR™)).

“Cultivated”, and variants thereof such as “cultured” and
“fermented”, refer to the intentional fostering of growth
(increases in cell size, cellular contents, and/or cellular
activity) and/or propagation (increases in cell numbers via
mitosis) of one or more cells by use of selected and/or
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controlled conditions. The combination of both growth and
propagation may be termed proliferation. Examples of
selected and/or controlled conditions include the use of a
defined medium (with known characteristics such as pH,
ionic strength, and carbon source), specified temperature,
oxygen tension, carbon dioxide levels, and growth in a
bioreactor. Cultivate does not refer to the growth or propa-
gation of microorganisms in nature or otherwise without
human intervention; for example, natural growth of an
organism that ultimately becomes fossilized to produce
geological crude oil is not cultivation.

“Cytolysis” is the lysis of cells in a hypotonic environ-
ment. Cytolysis is caused by excessive osmosis, or move-
ment of water, towards the inside of a cell (hyperhydration).
The cell cannot withstand the osmotic pressure of the water
inside, and so it explodes.

“Delipidated meal” and “delipidated microbial biomass”
is microbial biomass after oil (including lipids) has been
extracted or isolated from it, either through the use of
mechanical (i.e., exerted by an expeller press) or solvent
extraction or both. Delipidated meal has a reduced amount
of oil/lipids as compared to before the extraction or isolation
of oil/lipids from the microbial biomass but does contain
some residual oil/lipid.

“Expression vector” or “expression construct” or “plas-
mid” or “recombinant DNA construct” refer to a nucleic acid
that has been generated via human intervention, including
by recombinant means or direct chemical synthesis, with a
series of specified nucleic acid elements that permit tran-
scription and/or translation of a particular nucleic acid in a
host cell. The expression vector can be part of a plasmid,
virus, or nucleic acid fragment. Typically, the expression
vector includes a nucleic acid to be transcribed operably
linked to a promoter.

“Exogenous gene” is a nucleic acid that codes for the
expression of an RNA and/or protein that has been intro-
duced (“transformed”) into a cell. A transformed cell may be
referred to as a recombinant cell, into which additional
exogenous gene(s) may be introduced. The exogenous gene
may be from a different species (and so heterologous), or
from the same species (and so homologous), relative to the
cell being transformed. Thus, an exogenous gene can
include a homologous gene that occupies a different location
in the genome of the cell or is under different control,
relative to the endogenous copy of the gene. An exogenous
gene may be present in more than one copy in the cell. An
exogenous gene may be maintained in a cell as an insertion
into the genome or as an episomal molecule.

“Exogenously provided” refers to a molecule provided to
the culture media of a cell culture.

“Expeller pressing” is a mechanical method for extracting
oil from raw materials such as soybeans and rapeseed. An
expeller press is a screw type machine, which presses
material through a caged barrel-like cavity. Raw materials
enter one side of the press and spent cake exits the other side
while o0il seeps out between the bars in the cage and is
collected. The machine uses friction and continuous pres-
sure from the screw drives to move and compress the raw
material. The oil seeps through small openings that do not
allow solids to pass through. As the raw material is pressed,
friction typically causes it to heat up.

“Fatty acyl-ACP thioesterase” is an enzyme that catalyzes
the cleavage of a fatty acid from an acyl carrier protein
(ACP) during lipid synthesis.

“Fatty acyl-CoA/aldehyde reductase” is an enzyme that
catalyzes the reduction of an acyl-CoA molecule to a pri-
mary alcohol.
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“Fatty acyl-CoA reductase” is an enzyme that catalyzes
the reduction of an acyl-CoA molecule to an aldehyde.

“Fatty aldehyde decarbonylase” is an enzyme that cata-
lyzes the conversion of a fatty aldehyde to an alkane.

“Fatty aldehyde reductase” is an enzyme that catalyzes
the reduction of an aldehyde to a primary alcohol.

“Fixed carbon source” is a molecule(s) containing carbon,
typically an organic molecule, that is present at ambient
temperature and pressure in solid or liquid form in a culture
media that can be utilized by a microorganism cultured
therein.

“Homogenate” is biomass that has been physically dis-
rupted.

“Hydrocarbon” is (a) a molecule containing only hydro-
gen and carbon atoms wherein the carbon atoms are cova-
lently linked to form a linear, branched, cyclic, or partially
cyclic backbone to which the hydrogen atoms are attached.
The molecular structure of hydrocarbon compounds varies
from the simplest, in the form of methane (CH,), which is
a constituent of natural gas, to the very heavy and very
complex, such as some molecules such as asphaltenes found
in crude oil, petroleum, and bitumens. Hydrocarbons may be
in gaseous, liquid, or solid form, or any combination of these
forms, and may have one or more double or triple bonds
between adjacent carbon atoms in the backbone. Accord-
ingly, the term includes linear, branched, cyclic, or partially
cyclic alkanes, alkenes, lipids, and paraffin. Examples
include propane, butane, pentane, hexane, octane, and
squalene.

“Hydrogen:carbon ratio” is the ratio of hydrogen atoms to
carbon atoms in a molecule on an atom-to-atom basis. The
ratio may be used to refer to the number of carbon and
hydrogen atoms in a hydrocarbon molecule. For example,
the hydrocarbon with the highest ratio is methane CH, (4:1).

“Hydrophobic fraction” is the portion, or fraction, of a
material that is more soluble in a hydrophobic phase in
comparison to an aqueous phase. A hydrophobic fraction is
substantially insoluble in water and usually non-polar.

“Increase lipid yield” refers to an increase in the produc-
tivity of a microbial culture by, for example, increasing dry
weight of cells per liter of culture, increasing the percentage
of cells that constitute lipid, or increasing the overall amount
of lipid per liter of culture volume per unit time.

“Inducible promoter” is a promoter that mediates tran-
scription of an operably linked gene in response to a
particular stimulus.

“In operable linkage” is a functional linkage between two
nucleic acid sequences, such a control sequence (typically a
promoter) and the linked sequence (typically a sequence that
encodes a protein, also called a coding sequence). A pro-
moter is in operable linkage with an exogenous gene if it can
mediate transcription of the gene.

“In situ” means “in place” or “in its original position”.

“Limiting concentration of a nutrient” is a concentration
of' a compound in a culture that limits the propagation of a
cultured organism. A “non-limiting concentration of a nutri-
ent” is a concentration that supports maximal propagation
during a given culture period. Thus, the number of cells
produced during a given culture period is lower in the
presence of a limiting concentration of a nutrient than when
the nutrient is non-limiting. A nutrient is said to be “in
excess” in a culture, when the nutrient is present at a
concentration greater than that which supports maximal
propagation.



US 9,464,304 B2

11

“Lipase” is a water-soluble enzyme that catalyzes the
hydrolysis of ester bonds in water-insoluble, lipid substrates.
Lipases catalyze the hydrolysis of lipids into glycerols and
fatty acids.

“Lipid modification enzyme” refers to an enzyme that
alters the covalent structure of a lipid. Examples of lipid
modification enzymes include a lipase, a fatty acyl-ACP
thioesterase, a fatty acyl-CoA/aldehyde reductase, a fatty
acyl-CoA reductase, a fatty aldehyde reductase, and a fatty
aldehyde decarbonylase.

“Lipid pathway enzyme” is any enzyme that plays a role
in lipid metabolism, i.e., either lipid synthesis, modification,
or degradation, and any proteins that chemically modify
lipids, as well as carrier proteins.

“Lipids” are a class of molecules that are soluble in
nonpolar solvents (such as ether and chloroform) and are
relatively or completely insoluble in water. Lipid molecules
have these properties, because they consist largely of long
hydrocarbon tails which are hydrophobic in nature.
Examples of lipids include fatty acids (saturated and unsatu-
rated); glycerides or glycerolipids (such as monoglycerides,
diglycerides, triglycerides or neutral fats, and phosphoglyc-
erides or glycerophospholipids); nonglycerides (sphingolip-
ids, sterol lipids including cholesterol and steroid hormones,
prenol lipids including terpenoids, fatty alcohols, waxes, and
polyketides); and complex lipid derivatives (sugar-linked
lipids, or glycolipids, and protein-linked lipids). “Fats” are
a subgroup of lipids called “triacylglycerides.”

“Lysate” is a solution containing the contents of lysed
cells.

“Lysis” is the breakage of the plasma membrane and
optionally the cell wall of a biological organism sufficient to
release at least some intracellular content, often by mechani-
cal, viral or osmotic mechanisms that compromise its integ-
rity.

“Lysing” is disrupting the cellular membrane and option-
ally the cell wall of a biological organism or cell sufficient
to release at least some intracellular content.

“Microalgae” is a eukarytotic microbial organism that
contains a chloroplast or plastid, and optionally that is
capable of performing photosynthesis, or a prokaryotic
microbial organism capable of performing photosynthesis.
Microalgae include obligate photoautotrophs, which cannot
metabolize a fixed carbon source as energy, as well as
heterotrophs, which can live solely off of a fixed carbon
source. Microalgae include unicellular organisms that sepa-
rate from sister cells shortly after cell division, such as
Chlamydomonas, as well as microbes such as, for example,
Volvox, which is a simple multicellular photosynthetic
microbe of two distinct cell types. Microalgae include cells
such as Chlorella, Dunaliella, and Prototheca. Microalgae
also include other microbial photosynthetic organisms that
exhibit cell-cell adhesion, such as Agmenellum, Anabaena,
and Pyrobotrys. Microalgae also include obligate hetero-
trophic microorganisms that have lost the ability to perform
photosynthesis, such as certain dinoflagellate algae species
and species of the genus Prototheca.

“Microorganism” and “microbe” are microscopic unicel-
Iular organisms.

“Naturally co-expressed” with reference to two proteins
or genes means that the proteins or their genes are co-
expressed naturally in a tissue or organism from which they
are derived, e.g., because the genes encoding the two
proteins are under the control of a common regulatory
sequence or because they are expressed in response to the
same stimulus.
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“Osmotic shock™ is the rupture of cells in a solution
following a sudden reduction in osmotic pressure. Osmotic
shock is sometimes induced to release cellular components
of such cells into a solution.

“Polysaccharide-degrading enzyme” is any enzyme
capable of catalyzing the hydrolysis, or saccharification, of
any polysaccharide. For example, cellulases catalyze the
hydrolysis of cellulose.

“Polysaccharides™ or “glycans™ are carbohydrates made
up of monosaccharides joined together by glycosidic link-
ages. Cellulose is a polysaccharide that makes up certain
plant cell walls. Cellulose can be depolymerized by enzymes
to yield monosaccharides such as xylose and glucose, as
well as larger disaccharides and oligosaccharides.

“Promoter” is a nucleic acid control sequence that directs
transcription of a nucleic acid. As used herein, a promoter
includes necessary nucleic acid sequences near the start site
of transcription, such as, in the case of a polymerase I type
promoter, a TATA element. A promoter also optionally
includes distal enhancer or repressor elements, which can be
located as much as several thousand base pairs from the start
site of transcription.

“Recombinant” is a cell, nucleic acid, protein or vector,
that has been modified due to the introduction of an exog-
enous nucleic acid or the alteration of a native nucleic acid.
Thus, e.g., recombinant cells express genes that are not
found within the native (non-recombinant) form of the cell
or express native genes differently than those genes are
expressed by a non-recombinant cell. A “recombinant
nucleic acid” is a nucleic acid originally formed in vitro, in
general, by the manipulation of nucleic acid, e.g., using
polymerases and endonucleases, or otherwise is in a form
not normally found in nature. Recombinant nucleic acids
may be produced, for example, to place two or more nucleic
acids in operable linkage. Thus, an isolated nucleic acid or
an expression vector formed in vitro by ligating DNA
molecules that are not normally joined in nature, are both
considered recombinant for the purposes of this invention.
Once a recombinant nucleic acid is made and introduced
into a host cell or organism, it may replicate using the in vivo
cellular machinery of the host cell; however, such nucleic
acids, once produced recombinantly, although subsequently
replicated intracellularly, are still considered recombinant
for purposes of this invention. Similarly, a “recombinant
protein” is a protein made using recombinant techniques,
i.e., through the expression of a recombinant nucleic acid.

“Renewable diesel” is a mixture of alkanes (such as
C10:0, C12:0, C14:0, C16:0 and C18:0) produced through
hydrogenation and deoxygenation of lipids.

“Saccharification” is a process of converting biomass,
usually cellulosic or lignocellulosic biomass, into mono-
meric sugars, such as glucose and xylose. “Saccharified” or
“depolymerized” cellulosic material or biomass refers to
cellulosic material or biomass that has been converted into
monomeric sugars through saccharification.

“Sonication” is a process of disrupting biological mate-
rials, such as a cell, by use of sound wave energy.

“Species of furfural” is 2-furancarboxaldehyde or a
derivative that retains the same basic structural characteris-
tics.

“Stover” is the dried stalks and leaves of a crop remaining
after a grain has been harvested.

“Sucrose utilization gene” is a gene that, when expressed,
aids the ability of a cell to utilize sucrose as an energy
source. Proteins encoded by a sucrose utilization gene are
referred to herein as “sucrose utilization enzymes” and
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include sucrose transporters, sucrose invertases, and hexoki-
nases such as glucokinases and fructokinases.

1I. CULTIVATION

The present invention generally relates to cultivation of
Prototheca strains, particularly recombinant Prototheca
strains, for the production of lipid. For the convenience of
the reader, this section is subdivided into subsections. Sub-
section 1 describes Prototheca species and strains and how
to identify new Prototheca species and strains and related
microalgae by genomic DNA comparison. Subsection 2
describes bioreactors useful for cultivation. Subsection 3
describes media for cultivation. Subsection 4 describes oil
production in accordance with illustrative cultivation meth-
ods of the invention.

1. Prototheca Species and Strains

Prototheca is a remarkable microorganism for use in the
production of lipid, because it can produce high levels of
lipid, particularly lipid suitable for fuel production. The lipid
produced by Prototheca has hydrocarbon chains of shorter
chain length and a higher degree of saturation than that
produced by other microalgae. Moreover, Prototheca lipid is
generally free of pigment (low to undetectable levels of
chlorophyll and certain carotenoids) and in any event con-
tains much less pigment than lipid from other microalgae.
Moreover, recombinant Prototheca cells provided by the
invention can be used to produce lipid in greater yield and
efficiency, and with reduced cost, relative to the production
of lipid from other microorganisms. [llustrative Prototheca
strains for use in the methods of the invention include In
addition, this microalgae grows heterotrophically and can be
genetically engineered as Prototheca wickerhamii, Prototh-
eca stagnora (including UTEX 327), Prototheca portoric-
ensis, Prototheca moriformis (including UTEX strains 1441,
1435), and Prototheca zopfii. Species of the genus Prototh-
eca are obligate heterotrophs.

Species of Prototheca for use in the invention can be
identified by amplification of certain target regions of the
genome. For example, identification of a specific Prototheca
species or strain can be achieved through amplification and
sequencing of nuclear and/or chloroplast DNA using primers
and methodology using any region of the genome, for
example using the methods described in Wu et al., Bot. Bull.
Acad. Sin. (2001) 42:115-121 Identification of Chlorella
spp. isolates using ribosomal DNA sequences. Well estab-
lished methods of phylogenetic analysis, such as amplifica-
tion and sequencing of ribosomal internal transcribed spacer
(ITS1 and ITS2 rDNA), 23S rRNA, 18S rRNA, and other
conserved genomic regions can be used by those skilled in
the art to identify species of not only Prototheca, but other
hydrocarbon and lipid producing organisms with similar
lipid profiles and production capability. For examples of
methods of identification and classification of algae also see
for example Genetics, 2005 August; 170(4):1601-10 and
RNA, 2005 April; 11(4):361-4.

Thus, genomic DNA comparison can be used to identify
suitable species of microalgae to be used in the present
invention. Regions of conserved genomic DNA, such as but
not limited to DNA encoding for 23S rRNA, can be ampli-
fied from microalgal species and compared to consensus
sequences in order to screen for microalgal species that are
taxonomically related to the preferred microalgae used in the
present invention. Examples of such DNA sequence com-
parison for species within the Prototheca genus are shown
below. Genomic DNA comparison can also be useful to
identify microalgal species that have been misidentified in a
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strain collection. Often a strain collection will identify
species of microalgae based on phenotypic and morphologi-
cal characteristics. The use of these characteristics may lead
to miscategorization of the species or the genus of a microal-
gae. The use of genomic DNA comparison can be a better
method of categorizing microalgae species based on their
phylogenetic relationship.

Microalgae for use in the present invention typically have
genomic DNA sequences encoding for 23S rRNA that have
at least 99%, least 95%, at least 90%, or at least 85%
nucleotide identity to at least one of the sequences listed in
SEQ ID NOs: 11-19.

For sequence comparison to determine percent nucleotide
or amino acid identity, typically one sequence acts as a
reference sequence, to which test sequences are compared.
When using a sequence comparison algorithm, test and
reference sequences are input into a computer, subsequence
coordinates are designated, if necessary, and sequence algo-
rithm program parameters are designated. The sequence
comparison algorithm then calculates the percent sequence
identity for the test sequence(s) relative to the reference
sequence, based on the designated program parameters.

Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith
& Waterman, Adv. Appl. Math. 2:482 (1981), by the homol-
ogy alignment algorithm of Needleman & Wunsch, J. Mol.
Biol. 48:443 (1970), by the search for similarity method of
Pearson & Lipman, Proc. Nat’'l. Acad. Sci. USA 85:2444
(1988), by computerized implementations of these algo-
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis-
consin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by visual
inspection (see generally Ausubel et al., supra).

Another example algorithm that is suitable for determin-
ing percent sequence identity and sequence similarity is the
BLAST algorithm, which is described in Altschul et al., J.
Mol. Biol. 215:403-410 (1990). Software for performing
BLAST analyses is publicly available through the National
Center for Biotechnology Information (at the web address
www.ncbinlm.nih.gov). This algorithm involves first iden-
tifying high scoring sequence pairs (HSPs) by identifying
short words of length W in the query sequence, which either
match or satisfy some positive-valued threshold score T
when aligned with a word of the same length in a database
sequence. T is referred to as the neighborhood word score
threshold (Altschul et al., supra.). These initial neighbor-
hood word hits act as seeds for initiating searches to find
longer HSPs containing them. The word hits are then
extended in both directions along each sequence for as far as
the cumulative alignment score can be increased. Cumula-
tive scores are calculated using, for nucleotide sequences,
the parameters M (reward score for a pair of matching
residues; always >0) and N (penalty score for mismatching
residues; always <0). For amino acid sequences, a scoring
matrix is used to calculate the cumulative score. Extension
of the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from
its maximum achieved value; the cumulative score goes to
zero or below due to the accumulation of one or more
negative-scoring residue alignments; or the end of either
sequence is reached. For identifying whether a nucleic acid
or polypeptide is within the scope of the invention, the
default parameters of the BLAST programs are suitable. The
BLASTN program (for nucleotide sequences) uses as
defaults a word length (W) of 11, an expectation (E) of 10,
M=5, N=-4, and a comparison of both strands. For amino
acid sequences, the BLASTP program uses as defaults a
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word length (W) of 3, an expectation (E) of 10, and the
BLOSUMBG62 scoring matrix. The TBLATN program (using
protein sequence for nucleotide sequence) uses as defaults a
word length (W) of 3, an expectation (E) of 10, and a
BLOSUM 62 scoring matrix. (see Henikoff & Henikoff,
Proc. Natl. Acad. Sci. USA 89:10915 (1989)).

In addition to calculating percent sequence identity, the
BLAST algorithm also performs a statistical analysis of the
similarity between two sequences (see, e.g., Karlin & Alts-
chul, Proc. Nat'l. Acad. Sci. USA 90:5873-5787 (1993)).
One measure of similarity provided by the BLAST algo-
rithm is the smallest sum probability (P(N)), which provides
an indication of the probability by which a match between
two nucleotide or amino acid sequences would occur by
chance. For example, a nucleic acid is considered similar to
a reference sequence if the smallest sum probability in a
comparison of the test nucleic acid to the reference nucleic
acid is less than about 0.1, more preferably less than about
0.01, and most preferably less than about 0.001.

Other considerations affecting the selection of microor-
ganisms for use in the invention include, in addition to
production of suitable lipids or hydrocarbons for production
of oils, fuels, and oleochemicals: (1) high lipid content as a
percentage of cell weight; (2) ease of growth; (3) ease of
genetic engineering; and (4) ease of biomass processing. In
particular embodiments, the wild-type or genetically engi-
neered microorganism yields cells that are at least 40%, at
least 45%, at least 50%, at least 55%, at least 60%, at least
65%, or at least 70% or more lipid. Preferred organisms
grow heterotrophically (on sugars in the absence of light).

2. Bioreactor

Microrganisms are cultured both for purposes of conduct-
ing genetic manipulations and for production of hydrocar-
bons (e.g., lipids, fatty acids, aldehydes, alcohols, and
alkanes). The former type of culture is conducted on a small
scale and initially, at least, under conditions in which the
starting microorganism can grow. Culture for purposes of
hydrocarbon production is usually conducted on a large
scale (e.g., 10,000 L, 40,000 L, 100,000 L or larger biore-
actors) in a bioreactor. Prototheca are typically cultured in
the methods of the invention in liquid media within a
bioreactor. Typically, the bioreactor does not allow light to
enter.

The bioreactor or fermentor is used to culture microalgal
cells through the various phases of their physiological cycle.
Bioreactors offer many advantages for use in heterotrophic
growth and propagation methods. To produce biomass for
use in food, microalgae are preferably fermented in large
quantities in liquid, such as in suspension cultures as an
example. Bioreactors such as steel fermentors can accom-
modate very large culture volumes (40,000 liter and greater
capacity bioreactors are used in various embodiments of the
invention). Bioreactors also typically allow for the control of
culture conditions such as temperature, pH, oxygen tension,
and carbon dioxide levels. For example, bioreactors are
typically configurable, for example, using ports attached to
tubing, to allow gaseous components, like oxygen or nitro-
gen, to be bubbled through a liquid culture. Other culture
parameters, such as the pH of the culture media, the identity
and concentration of trace elements, and other media con-
stituents can also be more readily manipulated using a
bioreactor.

Bioreactors can be configured to flow culture media
though the bioreactor throughout the time period during
which the microalgae reproduce and increase in number. In
some embodiments, for example, media can be infused into
the bioreactor after inoculation but before the cells reach a
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desired density. In other instances, a bioreactor is filled with
culture media at the beginning of a culture, and no more
culture media is infused after the culture is inoculated. In
other words, the microalgal biomass is cultured in an aque-
ous medium for a period of time during which the microal-
gae reproduce and increase in number; however, quantities
of aqueous culture medium are not flowed through the
bioreactor throughout the time period. Thus in some
embodiments, aqueous culture medium is not flowed
through the bioreactor after inoculation.

Bioreactors equipped with devices such as spinning
blades and impellers, rocking mechanisms, stir bars, means
for pressurized gas infusion can be used to subject microal-
gal cultures to mixing. Mixing may be continuous or inter-
mittent. For example, in some embodiments, a turbulent
flow regime of gas entry and media entry is not maintained
for reproduction of microalgae until a desired increase in
number of said microalgae has been achieved.

Bioreactor ports can be used to introduce, or extract,
gases, solids, semisolids, and liquids, into the bioreactor
chamber containing the microalgae. While many bioreactors
have more than one port (for example, one for media entry,
and another for sampling), it is not necessary that only one
substance enter or leave a port. For example, a port can be
used to flow culture media into the bioreactor and later used
for sampling, gas entry, gas exit, or other purposes. Prefer-
ably, a sampling port can be used repeatedly without altering
compromising the axenic nature of the culture. A sampling
port can be configured with a valve or other device that
allows the flow of sample to be stopped and started or to
provide a means of continuous sampling. Bioreactors typi-
cally have at least one port that allows inoculation of a
culture, and such a port can also be used for other purposes
such as media or gas entry.

Bioreactors ports allow the gas content of the culture of
microalgae to be manipulated. To illustrate, part of the
volume of a bioreactor can be gas rather than liquid, and the
gas inlets of the bioreactor to allow pumping of gases into
the bioreactor. Gases that can be beneficially pumped into a
bioreactor include air, air/CO, mixtures, noble gases, such as
argon, and other gases. Bioreactors are typically equipped to
enable the user to control the rate of entry of a gas into the
bioreactor. As noted above, increasing gas flow into a
bioreactor can be used to increase mixing of the culture.

Increased gas flow affects the turbidity of the culture as
well. Turbulence can be achieved by placing a gas entry port
below the level of the aqueous culture media so that gas
entering the bioreactor bubbles to the surface of the culture.
One or more gas exit ports allow gas to escape, thereby
preventing pressure buildup in the bioreactor. Preferably a
gas exit port leads to a “one-way” valve that prevents
contaminating microorganisms from entering the bioreactor.

3. Media

Microalgal culture media typically contains components
such as a fixed nitrogen source, a fixed carbon source, trace
elements, optionally a buffer for pH maintenance, and
phosphate (typically provided as a phosphate salt). Other
components can include salts such as sodium chloride,
particularly for seawater microalgae. Nitrogen sources
include organic and inorganic nitrogen sources, including,
for example, without limitation, molecular nitrogen, nitrate,
nitrate salts, ammonia (pure or in salt form, such as,
(NH,),SO, and NH,OH), protein, soybean meal, cornsteep
liquor, and yeast extract. Examples of trace elements include
zine, boron, cobalt, copper, manganese, and molybdenum in,
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for example, the respective forms of ZnCl,, H;BO;,
CoCl,.6H,0, CuCl,.2H,0, MnCl,.4H,0 and
(NH,)¢Mo,0,,.4H,0.

Microorganisms useful in accordance with the methods of
the present invention are found in various locations and
environments throughout the world. As a consequence of
their isolation from other species and their resulting evolu-
tionary divergence, the particular growth medium for opti-
mal growth and generation of lipid and/or hydrocarbon
constituents can be difficult to predict. In some cases, certain
strains of microorganisms may be unable to grow on a
particular growth medium because of the presence of some
inhibitory component or the absence of some essential
nutritional requirement required by the particular strain of
microorganism.

Solid and liquid growth media are generally available
from a wide variety of sources, and instructions for the
preparation of particular media that is suitable for a wide
variety of strains of microorganisms can be found, for
example, online at world wide web utex.org/, a site main-
tained by the University of Texas at Austin, 1 University
Station A6700, Austin, Tex., 78712-0183, for its culture
collection of algae (UTEX). For example, various fresh
water and salt water media include those described in PCT
Pub. No. 2008/151149, incorporated herein by reference.

In a particular example, Proteose Medium is suitable for
axenic cultures, and a 1 L. volume of the medium (pH ~6.8)
can be prepared by addition of 1 g of proteose peptone to 1
liter of Bristol Medium. Bristol medium comprises 2.94 mM
NaNO,, 0.17 mM CaCl,.2H,0, 0.3 mM MgSO,.7H,0, 0.43
mM, 1.29 mM KH,PO,, and 1.43 mM NaCl in an aqueous
solution. For 1.5% agar medium, 15 g of agar can be added
to 1 L of the solution. The solution is covered and auto-
claved, and then stored at a refrigerated temperature prior to
use. Another example is the Prototheca isolation medium
(PIM), which comprises 10 g/L postassium hydrogen phtha-
late (KHP), 0.9 g/L. sodium hydroxide, 0.1 g/[. magnesium
sulfate, 0.2 g/I. potassium hydrogen phosphate, 0.3 g/L.
ammonium chloride, 10 g/l glucose 0.001 g/L. thiamine
hydrochloride, 20 g/ agar, 0.25 g/ 5-fluorocytosine, at a
pH in the range of 5.0 to 5.2 (see Pore, 1973, App. Micro-
biology, 26: 648-649). Other suitable media for use with the
methods of the invention can be readily identified by con-
sulting the URL identified above, or by consulting other
organizations that maintain cultures of microorganisms,
such as SAG, CCAP, or CCALA. SAG refers to the Culture
Collection of Algae at the University of Gottingen (Gottin-
gen, Germany), CCAP refers to the culture collection of
algae and protozoa managed by the Scottish Association for
Marine Science (Scotland, United Kingdom), and CCALA
refers to the culture collection of algal laboratory at the
Institute of Botany (Trebon, Czech Republic). Additionally,
U.S. Pat. No. 5,900,370 describes media formulations and
conditions suitable for heterotrophic fermentation of Pro-
totheca species.

For oil production, selection of a fixed carbon source is
important, as the cost of the fixed carbon source must be
sufficiently low to make oil production economical. Thus,
while suitable carbon sources include, for example, acetate,
floridoside, fructose, galactose, glucuronic acid, glucose,
glycerol, lactose, mannose, N-acetylglucosamine, rham-
nose, sucrose, and/or xylose, selection of feedstocks con-
taining those compounds is an important aspect of the
methods of the invention. Suitable feedstocks useful in
accordance with the methods of the invention include, for
example, black liquor, corn starch, depolymerized cellulosic
material, milk whey, molasses, potato, sorghum, sucrose,
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sugar beet, sugar cane, rice, and wheat. Carbon sources can
also be provided as a mixture, such as a mixture of sucrose
and depolymerized sugar beet pulp. The one or more carbon
source(s) can be supplied at a concentration of at least about
50 uM, at least about 100 uM, at least about 500 uM, at least
about 5 mM, at least about 50 mM, and at least about 500
mM, of one or more exogenously provided fixed carbon
source(s). Carbon sources of particular interest for purposes
of the present invention include cellulose (in a depolymer-
ized form), glycerol, sucrose, and sorghum, each of which is
discussed in more detail below.

In accordance with the present invention, microorganisms
can be cultured using depolymerized cellulosic biomass as a
feedstock. Cellulosic biomass (e.g., stover, such as corn
stover) is inexpensive and readily available; however,
attempts to use this material as a feedstock for yeast have
failed. In particular, such feedstocks have been found to be
inhibitory to yeast growth, and yeast cannot use the 5-carbon
sugars produced from cellulosic materials (e.g., xylose from
hemi-cellulose). By contrast, microalgae can grow on pro-
cessed cellulosic material. Cellulosic materials generally
include about 40-60% cellulose; about 20-40% hemicellu-
lose; and 10-30% lignin.

Suitable cellulosic materials include residues from her-
baceous and woody energy crops, as well as agricultural
crops, i.e., the plant parts, primarily stalks and leaves, not
removed from the fields with the primary food or fiber
product. Examples include agricultural wastes such as sug-
arcane bagasse, rice hulls, corn fiber (including stalks,
leaves, husks, and cobs), wheat straw, rice straw, sugar beet
pulp, citrus pulp, citrus peels; forestry wastes such as
hardwood and softwood thinnings, and hardwood and soft-
wood residues from timber operations; wood wastes such as
saw mill wastes (wood chips, sawdust) and pulp mill waste;
urban wastes such as paper fractions of municipal solid
waste, urban wood waste and urban green waste such as
municipal grass clippings; and wood construction waste.
Additional cellulosics include dedicated cellulosic crops
such as switchgrass, hybrid poplar wood, and miscanthus,
fiber cane, and fiber sorghum. Five-carbon sugars that are
produced from such materials include xylose.

Cellulosic materials are treated to increase the efficiency
with which the microbe can utilize the sugar(s) contained
within the materials. The invention provides novel methods
for the treatment of cellulosic materials after acid explosion
so that the materials are suitable for use in a heterotrophic
culture of microbes (e.g., microalgae and oleaginous yeast).
As discussed above, lignocellulosic biomass is comprised of
various fractions, including cellulose, a crystalline polymer
of beta 1,4 linked glucose (a six-carbon sugar), hemicellu-
lose, a more loosely associated polymer predominantly
comprised of xylose (a five-carbon sugar) and to a lesser
extent mannose, galactose, arabinose, lignin, a complex
aromatic polymer comprised of sinapyl alcohol and its
derivatives, and pectins, which are linear chains of an alpha
1,4 linked polygalacturonic acid. Because of the polymeric
structure of cellulose and hemicellulose, the sugars (e.g.,
monomeric glucose and xylose) in them are not in a form
that can be efficiently used (metabolized) by many microbes.
For such microbes, further processing of the cellulosic
biomass to generate the monomeric sugars that make up the
polymers can be very helpful to ensuring that the cellulosic
materials are efficiently utilized as a feedstock (carbon
source).

Celluose or cellulosic biomass is subjected to a process,
termed “explosion”, in which the biomass is treated with
dilute sulfuric (or other) acid at elevated temperature and
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pressure. This process conditions the biomass such that it
can be efficiently subjected to enzymatic hydrolysis of the
cellulosic and hemicellulosic fractions into glucose and
xylose monomers. The resulting monomeric sugars are
termed cellulosic sugars. Cellulosic sugars can subsequently
be utilized by microorganisms to produce a variety of
metabolites (e.g., lipid). The acid explosion step results in a
partial hydrolysis of the hemicellulose fraction to consti-
tutent monosaccharides. These sugars can be completely
liberated from the biomass with further treatment. In some
embodiments, the further treatment is a hydrothermal treat-
ment that includes washing the exploded material with hot
water, which removes contaminants such as salts. This step
is not necessary for cellulosic ethanol fermentations due to
the more dilute sugar concentrations used in such processes.
In other embodiments, the further treatment is additional
acid treatment. In still other embodiments, the further treat-
ment is enzymatic hydrolysis of the exploded material.
These treatments can also be used in any combination. The
type of treatment can affect the type of sugars liberated (e.g.,
five carbon sugars versus six carbon sugars) and the stage at
which they are liberated in the process. As a consequence,
different streams of sugars, whether they are predominantly
five-carbon or six-carbon, can be created. These enriched
five-carbon or six-carbon streams can thus be directed to
specific microorganisms with different carbon utilization
cabilities.

The methods of the present invention typically involve
fermentation to higher cell densities than what is achieved in
ethanol fermentation. Because of the higher densities of the
cultures for heterotrophic cellulosic oil production, the fixed
carbon source (e.g., the cellulosic derived sugar stream(s)) is
preferably in a concentrated form. The glucose level of the
depolymerized cellulosic material is preferably at least 300
g/liter, at least 400 g/liter, at least 500 g/liter or at least 600
g/liter prior to the cultivation step, which is optionally a fed
batch cultivation in which the material is fed to the cells over
time as the cells grow and accumulate lipid. Cellulosic sugar
streams are not used at or near this concentration range in the
production of cellulosic ethanol. Thus, in order to generate
and sustain the very high cell densities during the production
of lignocellulosic oil, the carbon feedstock(s) must be deliv-
ered into the heterotrophic cultures in a highly concentrated
form. However, any component in the feedstream that is not
a substrate for, and is not metabolized by, the oleaginous
microorganism will accumulate in the bioreactor, which can
lead to problems if the component is toxic or inhibitory to
production of the desired end product. While ligin and
lignin-derived by-products, carbohydrate-derived byprod-
ucts such as furfurals and hydroxymethyl furfurals and salts
derived from the generation of the cellulosic materials (both
in the explosion process and the subsequent neutralization
process), and even non-metabolized pentose/hexose sugars
can present problems in ethanolic fermentations, these
effects are amplified significantly in a process in which their
concentration in the initial feedstock is high. To achieve
sugar concentrations in the 300 g/IL range (or higher) for
six-carbon sugars that may be used in large scale production
of lignocellulosic oil described in the present invention, the
concentration of these toxic materials can be 20 times higher
than the concentrations typically present in ethanolic fer-
mentations of cellulosic biomass.

The explosion process treatment of the cellulosic material
utilizes significant amounts of sulfuric acid, heat and pres-
sure, thereby liberating by-products of carbohydrates,
namely furfurals and hydroxymethyl furfurals. Furfurals and
hydroxymethyl furfurals are produced during hydrolysis of
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hemicellulose through dehydration of xylose into furfural
and water. In some embodiments of the present invention,
these by-products (e.g., furfurals and hydroxymethyl fur-
furals) are removed from the saccharified lignocellulosic
material prior to introduction into the bioreactor. In certain
embodiments of the present invention, the process for
removal of the by-products of carbohydrates is hydrothermal
treatment of the exploded cellulosic materials. In addition,
the present invention provides methods in which strains
capable of tolerating compounds such as furfurals or
hydroxymethyl furfurals are used for lignocellulosic oil
production. In another embodiment, the present invention
also provides methods and microorganisms that are not only
capable of tolerating furfurals in the fermentation media, but
are actually able to metabolize these by-products during the
production of lignocellulosic oil.

The explosion process also generates significant levels of
salts. For example, typical conditions for explosion can
result in conductivites in excess of 5 mS/cm when the
exploded cellulosic biomass is resuspended at a ratio of 10:1
water:solids (dry weight). In certain embodiments of the
present invention, the diluted exploded biomass is subjected
to enzymatic saccharification, and the resulting supernatant
is concentrated up to 25 fold for use in the bioreactor. The
salt level (as measured by conductivity) in the concentrated
sugar stream(s) can be unacceptably high (up to 1.5 M Na*
equivalents). Additional salts are generated upon neutraliza-
tion of the exploded materials for the subsequent enzymatic
saccharification process as well. The present invention pro-
vides methods for removing these salts so that the resulting
concentrated cellulosic sugar stream(s) can be used in het-
erotrophic processes for producing lignocellulosic oil. In
some embodiments, the method of removing these salts is
deionization with resins, such as, but not limited to,
DOWEX Marathon MR3. In certain embodiments, the
deionization with resin step occurs before sugar concentra-
tion or pH adjustment and hydrothermal treatment of bio-
mass prior to saccharification, or any combination of the
preceding; in other embodiments, the step is conducted after
one or more of these processes. In other embodiments, the
explosion process itself is changed so as to avoid the
generation of salts at unacceptably high levels. For example,
a suitable alternative to sulfuric acid (or other acid) explo-
sion of the cellulosic biomass is mechanical pulping to
render the cellulosic biomass receptive to enzymatic hydro-
lysis (saccharification). In still other embodiments, native
strains of microorganisms resistant to high levels of salts or
genetically engineered strains with resistance to high levels
of salts are used.

A preferred embodiment for the process of preparing of
exploded cellulosic biomass for use in heterotrophic ligno-
cellulosic oil production using oleaginous microbes is dia-
gramed in FIG. 10. Step 1. comprises adjusting the pH of the
resuspended exploded cellulosic biomass to the range of
5.0-5.3 followed by washing the cellulosic biomass three
times. This washing step can be accomplished by a variety
of means including the use of desalting and ion exchange
resins, reverse omosis, hydrothermal treatment (as described
above), or just repeated re-suspension and centrifugation in
deionized water. This wash step results in a cellulosic stream
whose conductivity is between 100-300 pS/cm and the
removal of significant amounts of furfurals and hydroxym-
ethyl furfurals. Decants from this wash step can be saved to
concentrate five-carbon sugars liberated from the hemicel-
Iulose fraction. Step 11 comprises enzymatic saccharifica-
tion of the washed cellulosic biomass. In a preferred
embodiment, Accellerase (Genencor) is used. Step III com-
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prises the recovery of sugars via centrifugation or decanting
and rinsing of the saccharified biomass. The resulting bio-
mass (solids) is an energy dense, lignin rich component that
can be used as fuel or sent to waste. The recovered sugar
stream in the centrifugation/decanting and rinse process is
collected. Step IV comprises microfiltration to remove con-
taminating solids with recovery of the permeate. Step V
comprises a concentration step which can be accomplished
using a vacuum evaporator. This step can optionally include
the addition of antifoam agents such as P'2000 (Sigma/
Fluka), which is sometimes necessary due to the protein
content of the resulting sugar feedstock.

In another embodiment of the methods of the invention,
the carbon source is glycerol, including acidulated and
non-acidulated glycerol byproduct from biodiesel transes-
terification. In one embodiment, the carbon source includes
glycerol and at least one other carbone source. In some
cases, all of the glycerol and the at least one other fixed
carbon source are provided to the microorganism at the
beginning of the fermentation. In some cases, the glycerol
and the at least one other fixed carbon source are provided
to the microorganism simultaneously at a predetermined
ratio. In some cases, the glycerol and the at least one other
fixed carbon source are fed to the microbes at a predeter-
mined rate over the course of fermentation.

Some microalgae undergo cell division faster in the
presence of glycerol than in the presence of glucose (see
PCT Pub. No. 2008/151149). In these instances, two-stage
growth processes in which cells are first fed glycerol to
rapidly increase cell density, and are then fed glucose to
accumulate lipids can improve the efficiency with which
lipids are produced. The use of the glycerol byproduct of the
transesterification process provides significant economic
advantages when put back into the production process.
Other feeding methods are provided as well, such as mix-
tures of glycerol and glucose. Feeding such mixtures also
captures the same economic benefits. In addition, the inven-
tion provides methods of feeding alternative sugars to
microalgae such as sucrose in various combinations with
glycerol.

In another embodiment of the methods of the invention,
the carbon source is sucrose, including a complex feedstock
containing sucrose, such as thick cane juice from sugar cane
processing. In one embodiment, the culture medium further
includes at least one sucrose utilization enzyme. In some
cases, the culture medium includes a sucrose invertase. In
one embodiment, the sucrose invertase enzyme is a secrect-
able sucrose invertase enzyme encoded by an exogenous
sucrose invertase gene expressed by the population of
microorganisms. Thus, in some cases, as described in more
detail in Section IV, below, the microalgae has been geneti-
cally engineered to express a sucrose utilization enzyme,
such as a sucrose transporter, a sucrose invertase, a hexoki-
nase, a glucokinase, or a fructokinase.

Complex feedstocks containing sucrose include waste
molasses from sugar cane processing; the use of this low-
value waste product of sugar cane processing can provide
significant cost savings in the production of hydrocarbons
and other oils. Another complex feedstock containing
sucrose that is useful in the methods of the invention is
sorghum, including sorghum syrup and pure sorghum. Sor-
ghum syrup is produced from the juice of sweet sorghum
cane. Its sugar profile consists of mainly glucose (dextrose),
fructose and sucrose.

4. Oil Production

For the production of oil in accordance with the methods
of the invention, it is preferable to culture cells in the dark,
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as is the case, for example, when using extremely large
(40,000 liter and higher) fermentors that do not allow light
to strike the culture. Prototheca species are grown and
propagated for the production of oil in a medium containing
a fixed carbon source and in the absence of light; such
growth is known as heterotrophic growth.

As an example, an inoculum of lipid-producing microal-
gal cells are introduced into the medium; there is a lag period
(lag phase) before the cells begin to propagate. Following
the lag period, the propagation rate increases steadily and
enters the log, or exponential, phase. The exponential phase
is in turn followed by a slowing of propagation due to
decreases in nutrients such as nitrogen, increases in toxic
substances, and quorum sensing mechanisms. After this
slowing, propagation stops, and the cells enter a stationary
phase or steady growth state, depending on the particular
environment provided to the cells. For obtaining lipid rich
biomass, the culture is typically harvested well after then
end of the exponential phase, which may be terminated early
by allowing nitrogen or another key nutrient (other than
carbon) to become depleted, forcing the cells to convert the
carbon sources, present in excess, to lipid. Culture condition
parameters can be manipulated to optimize total oil produc-
tion, the combination of lipid species produced, and/or
production of a specific oil.

As discussed above, a bioreactor or fermentor is used to
allow cells to undergo the various phases of their growth
cycle. As an example, an inoculum of lipid-producing cells
can be introduced into a medium followed by a lag period
(lag phase) before the cells begin growth. Following the lag
period, the growth rate increases steadily and enters the log,
or exponential, phase. The exponential phase is in turn
followed by a slowing of growth due to decreases in
nutrients and/or increases in toxic substances. After this
slowing, growth stops, and the cells enter a stationary phase
or steady state, depending on the particular environment
provided to the cells. Lipid production by cells disclosed
herein can occur during the log phase or thereafter, including
the stationary phase wherein nutrients are supplied, or still
available, to allow the continuation of lipid production in the
absence of cell division.

Preferably, microorganisms grown using conditions
described herein and known in the art comprise at least about
20% by weight of lipid, preferably at least about 40% by
weight, more preferably at least about 50% by weight, and
most preferably at least about 60% by weight. Process
conditions can be adjusted to increase the yield of lipids
suitable for a particular use and/or to reduce production cost.
For example, in certain embodiments, a microalgae is cul-
tured in the presence of a limiting concentration of one or
more nutrients, such as, for example, nitrogen, phosphorous,
or sulfur, while providing an excess of fixed carbon energy
such as glucose. Nitrogen limitation tends to increase micro-
bial lipid yield over microbial lipid yield in a culture in
which nitrogen is provided in excess. In particular embodi-
ments, the increase in lipid yield is at least about: 10%, 50%,
100%, 200%, or 500%. The microbe can be cultured in the
presence of a limiting amount of a nutrient for a portion of
the total culture period or for the entire period. In particular
embodiments, the nutrient concentration is cycled between
a limiting concentration and a non-limiting concentration at
least twice during the total culture period. Lipid content of
cells can be increased by continuing the culture for increased
periods of time while providing an excess of carbon, but
limiting or no nitrogen.

In another embodiment; lipid yield is increased by cul-
turing a lipid-producing microbe (e.g., microalgae) in the
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presence of one or more cofactor(s) for a lipid pathway
enzyme (e.g., a fatty acid synthetic enzyme). Generally, the
concentration of the cofactor(s) is sufficient to increase
microbial lipid (e.g., fatty acid) yield over microbial lipid
yield in the absence of the cofactor(s). In a particular
embodiment, the cofactor(s) are provided to the culture by
including in the culture a microbe (e.g., microalgae) con-
taining an exogenous gene encoding the cofactor(s). Alter-
natively, cofactor(s) may be provided to a culture by includ-
ing a microbe (e.g., microalgae) containing an exogenous
gene that encodes a protein that participates in the synthesis
of the cofactor. In certain embodiments, suitable cofactors
include any vitamin required by a lipid pathway enzyme,
such as, for example: biotin, pantothenate. Genes encoding
cofactors suitable for use in the invention or that participate
in the synthesis of such cofactors are well known and can be
introduced into microbes (e.g., microalgae), using contructs
and techniques such as those described above.

The specific examples of bioreactors, culture conditions,
and heterotrophic growth and propagation methods
described herein can be combined in any suitable manner to
improve efficiencies of microbial growth and lipid and/or
protein production.

Microalgal biomass with a high percentage of oil/lipid
accumulation by dry weight has been generated using dif-
ferent methods of culture, which are known in the art (see
PCT Pub. No. 2008/151149). Microalgal biomass generated
by the culture methods described herein and useful in
accordance with the present invention comprises at least
10% microalgal oil by dry weight. In some embodiments,
the microalgal biomass comprises at least 25%, at least 50%,
at least 55%, or at least 60% microalgal oil by dry weight.
In some embodiments, the microalgal biomass contains
from 10-90% microalgal oil, from 25-75% microalgal oil,
from 40-75% microalgal oil, or from 50-70% microalgal oil
by dry weight.

The microalgal oil of the biomass described herein, or
extracted from the biomass for use in the methods and
compositions of the present invention can comprise glyc-
erolipids with one or more distinct fatty acid ester side
chains. Glycerolipids are comprised of a glycerol molecule
esterified to one, two or three fatty acid molecules, which
can be of varying lengths and have varying degrees of
saturation. The length and saturation characteristics of the
fatty acid molecules (and the microalgal oils) can be
manipulated to modify the properties or proportions of the
fatty acid molecules in the microalgal oils of the present
invention via culture conditions or via lipid pathway engi-
neering, as described in more detail in Section IV, below.
Thus, specific blends of algal oil can be prepared either
within a single species of algae by mixing together the
biomass or algal oil from two or more species of microalgae,
or by blending algal oil of the invention with oils from other
sources such as soy, rapeseed, canola, palm, palm kernel,
coconut, corn, waste vegetable, Chinese tallow, olive, sun-
flower, cottonseed, chicken fat, beef tallow, porcine tallow,
microalgae, macroalgae, microbes, Cuphea, tlax, peanut,
choice white grease, lard, Camelina sativa, mustard seed,
cashew nut, oats, lupine, kenaf, calendula, help, coffee,
linseed (flax), hazelnut, euphorbia, pumpkin seed, coriander,
camellia, sesame, safflower, rice, tung tree, cocoa, copra,
pium poppy, castor beans, pecan, jojoba, macadamia, Brazil
nuts, avocado, petroleum, or a distillate fraction of any of the
preceding oils.

The oil composition, i.e., the properties and proportions of
the fatty acid consitutents of the glycerolipids, can also be
manipulated by combining biomass or oil from at least two
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distinct species of microalgae. In some embodiments, at
least two of the distinct species of microalgae have different
glycerolipid profiles. The distinct species of microalgae can
be cultured together or separately as described herein, pref-
erably under heterotrophic conditions, to generate the
respective oils. Different species of microalgae can contain
different percentages of distinct fatty acid consituents in the
cell’s glycerolipids.

Generally, Prototheca strains have very little or no fatty
acids with the chain length C8-C14. For example, Prototh-
eca moriformis (UTEX 1435), Prototheca krugani (UTEX
329), Prototheca stagnora (UTEX 1442) and Prototheca
zopfii (UTEX 1438) contains no (or undectable amounts) C8
fatty acids, between 0-0.01% C10 fatty acids, between
0.03-2.1% C12 fatty acids and between 1.0-1.7% C14 fatty
acids.

In some cases, the Protheca strains containing a transgene
encoding a fatty acyl-ACP thioesterase that has activity
towards fatty acyl-ACP substrate of chain lengths C8-10 has
at least 0.3%, at least 0.8%, at least 1.5% or more fatty acids
of chain length C8 and at least 0.3%, at least 1.0%, at least
3.0%, at least 5% or more fatty acids of chain length C10.
In other instances, the Prototheca strains containing a trans-
gene encoding a fatty acyl-ACP thioesterase that has activity
towards fatty acyl-ACP substrate of chain length C12 has at
least 3.0%, at least 5%, at least 7%, at least 10%, at least
13% or more fatty acids of the chain length C12 and at least
1.5%, at least 2%, or at least 3% or more fatty acids of the
chain length C14. In other cases, the Prototheca strains
containing a transgene encoding a fatty acyl-ACP thio-
esterase that has activity towards fatty acyl-ACP substrate of
chain length C14 has at least 4.0%, at least 7%, at least 10%,
at least 15%, at least 20%, at least 25% or more fatty acids
of the chain length C14, and at least 0.4%, at least 1%, at
least 1.5%, or more fatty acids of the chain length C12.

In non-limiting examples, the Profotheca strains contain-
ing a transgene encoding a fatty acyl-ACP thioesterase that
has activity towards fatty acyl-ACP substrate of chain length
C8 and C10 has between 0.3-1.58% fatty acids of chain
length C8 and between 0.35-6.76% fatty acids of the chain
length C10. In other non-limiting examples, Prototheca
strains containing a transgene encoding a fatty acyl-ACP
thioesterase that has activity towards fatty acyl-ACP sub-
strate of chain length C12 has between 3.9-14.11% fatty
acids of the chain length C12 and between 1.95-3.05% fatty
acids of the chain length Cl14. In other non-limiting
examples, Prototheca strains containing a transgene encod-
ing a fatty acyl-ACP thioesterase that has activity towards
fatty acyl-ACP substrate of chain length C14 has between
4.40-17.35% fatty acids of the chain length C14 and
between 0.4-1.83 Area % fatty acids of the chain length C12.
In some cases, the Prototheca strains containing a transgene
encoding a fatty acyl-ACP thioesterase that has activity
towards fatty acyl-ACP substrate of chain lengths between
C8 and C14 have between 3.5-20% medium chain (C8-C14)
fatty acids. In some instances, keeping the transgenic Pro-
totheca strains under constant and high selective pressure to
retain exogenous genes is advantageous due to the increase
in the desired fatty acid of a specific chain length. In a
non-limiting example, Example 5 demonstrates a two fold
increase in C14 chain length fatty acids (more than 30%
C8-C14 chain length fatty acids) when the culture of Pro-
totheca moriformis containing a C14 preferring thioesterase
exogenous gene is retained. High levels of exogenous gene
retention can also be achieved by inserting exogenous genes
into the nuclear chromosomes of the cells using homologous
recombination vectors and methods disclosed herein.
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Recombinant cells containing exogenous genes integrated
into nuclear chromosomes are an object of the invention.

Microalgal oil can also include other constituents pro-
duced by the microalgae, or incorporated into the microalgal
oil from the culture medium. These other constituents can be
present in varying amount depending on the culture condi-
tions used to culture the microalgae, the species of microal-
gae, the extraction method used to recover microalgal oil
from the biomass and other factors that may affect microal-
gal oil composition. Non-limiting examples of such con-
stituents include carotenoids, present from 0.1-0.4 micro-
grams/ml, chlorophyll present from 0-0.02 milligrams/
kilogram of oil, gamma tocopherol present from 0.4-0.6
milligrams/100 grams of oil, and total tocotrienols present
from 0.2-0.5 milligrams/gram of oil.

The other constituents can include, without limitation,
phospholipids, tocopherols, tocotrienols, carotenoids (e.g.,
alpha-carotene, beta-carotene, lycopene, etc.), xanthophylls
(e.g., lutein, zeaxanthin, alpha-cryptoxanthin and beta-
crytoxanthin), and various organic or inorganic compounds.

In some cases, the oil extracted from Prototheca species
comprises no more than 0.02 mg/kg chlorophyll. In some
cases, the oil extracted from Prototheca species comprises
no more than 0.4 mcg/ml total carotenoids. In some cases the
Prototheca oil comprises between 0.40-0.60 milligrams of
gamma tocopherol per 100 grams of oil. In other cases, the
Prototheca oil comprises between 0.2-0.5 milligrams of
total tocotrienols per gram of oil.

III. GENETIC ENGINEERING METHODS AND
MATERIALS

The present invention provides methods and materials for
genetically modifying Prototheca cells and recombinant
host cells useful in the methods of the present invention,
including but not limited to recombinant Prototheca mori-
formis, Prototheca zopfii, Prototheca krugani, and Prototh-
eca stagnora host cells. The description of these methods
and materials is divided into subsections for the convenience
of the reader. In subsection 1, transformation methods are
described. In subsection 2, genetic engineering methods
using homologous recombination are described. In subsec-
tion 3, expression vectors and components are described.

1. Engineering Methods—Transformation

Cells can be transformed by any suitable technique
including, e.g., biolistics, electroporation (see Maruyama et
al. (2004), Biotechnology Techniques 8:821-826), glass
bead transformation and silicon carbide whisker transfor-
mation. Another method that can be used involves forming
protoplasts and using CaCl, and polyethylene glycol (PEG)
to introduce recombinant DNA into microalgal cells (see
Kim et al. (2002), Mar. Biotechnol. 4:63-73, which reports
the use of this method for the transformation of Chorella
ellipsoidea). Co-transformation of microalgae can be used to
introduce two distinct vector molecules into a cell simulta-
neously (see for example Protist 2004 December; 155(4):
381-93).

Biolistic methods (see, for example, Sanford, Trends In
Biotech. (1988) 6:299 302, U.S. Pat. No. 4,945,050; elec-
troporation (Fromm et al., Proc. Nat’l. Acad. Sci. (USA)
(1985) 82:5824 5828); use of a laser beam, microinjection or
any other method capable of introducing DNA into a
microalgae can also be used for transformation of a Pro-
totheca cell.

2. Engineering Methods—Homologous Recombination

Homologous recombination is the ability of complemen-
tary DNA sequences to align and exchange regions of
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homology. Transgenic DNA (“donor”) containing sequences
homologous to the genomic sequences being targeted (“tem-
plate”) is introduced into the organism and then undergoes
recombination into the genome at the site of the correspond-
ing genomic homologous sequences. The mechanistic steps
of this process, in most casees, include: (1) pairing of
homologous DNA segments; (2) introduction of double-
stranded breaks into the donor DNA molecule; (3) invasion
of the template DNA molecule by the free donor DNA ends
followed by DNA synthesis; and (4) resolution of double-
strand break repair events that result in final recombination
products.

The ability to carry out homologous recombination in a
host organism has many practical implications for what can
be carried out at the molecular genetic level and is useful in
the generation of an oleaginous microbe that can produced
tailored oils. By its very nature homologous recombination
is a precise gene targeting event, hence, most transgenic
lines generated with the same targeting sequence will be
essentially identical in terms of phenotype, necessitating the
screening of far fewer transformation events. Homologous
recombination also targets gene insertion events into the
host chromosome, resulting in excellent genetic stability,
even in the absence of genetic selection. Because different
chromosomal loci will likely impact gene expression, even
from heterologous promoters/UTRs, homologous recombi-
nation can be a method of querying loci in an unfamiliar
genome environment and to assess the impact of these
environments on gene expression.

Particularly useful genetic engineering applications using
homologous recombination is to co-opt specific host regu-
latory elements such as promoters/UTRs to drive heterolo-
gous gene expression in a highly specific fashion. For
example, precise ablation of the endogenous stearoyl ACP
desaturase gene with a heterologous C12:0 specific FATB
(thioesterase) gene cassette and suitable selective marker,
might be expected to dramatically decrease endogenous
levels of C18:1 fatty acids concomitant with increased levels
of the C12:0 fatty acids. Example 13 describes the homolo-
gous recombination targeting construct that is suitable for
the eblation of an endogenous Profotheca moriformis
stearoyl ACP destaurase gene.

Because homologous recombination is a precise gene
targeting event, it can be used to precisely modify any
nucleotide(s) within a gene or region of interest, so long as
sufficient flanking regions have been identified. Therefore,
homologous recombination can be used as a means to
modify regulatory sequences impacting gene expression of
RNA and/or proteins. It can also be used to modify protein
coding regions in an effort to modify enzyme activities such
as substrate specificity, affinities and Km, and thus affecting
the desired change in metabolism of the host cell. Homolo-
gous recombination provides a powerful means to manipu-
late the host genome resulting in gene targeting, gene
conversion, gene deletion, gene duplication, gene inversion
and exchanging gene expression regulatory elements such as
promoters, enhancers and 3'UTRs.

Homologous recombination can be achieve by using
targeting constructs containing pieces of endogenous
sequences to “target” the gene or region of interest within
the endogenous host cell genome. Such targeting sequences
can either be located 5' of the gene or region of interest, 3'
of the gene/region of interest or even flank the gene/region
of interest. Such targeting constructs can be transformed into
the host cell either as a supercoiled plasmid DNA with
additional vector backbone, a PCR product with no vector
backbone, or as a linearized molecule. In some cases, it may
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be advantageous to first expose the homologous sequences
within the transgenic DNA (donor DNA) with a restriction
enzyme. This step can increase the recombination efficiency
and decrease the occurrence of undesired events. Other
methods of increasing recombination efficiency include
using PCR to generate transforming transgenic DNA con-
taining linear ends homologous to the genomic sequences
being targeted.

3. Vectors and Vector Components

Vectors for transformation of microorganisms in accor-
dance with the present invention can be prepared by known
techniques familiar to those skilled in the art in view of the
disclosure herein. A vector typically contains one or more
genes, in which each gene codes for the expression of a
desired product (the gene product) and is operably linked to
one or more control sequences that regulate gene expression
or target the gene product to a particular location in the
recombinant cell. To aid the reader, this subsection is divided
into subsections. Subsection A describes control sequences
typically contained on vectors as well as novel control
sequences provided by the present invention. Subsection B
describes genes typically contained in vectors as well as
novel codon optimization methods and genes prepared using
them provided by the invention.

A. Control Sequences

Control sequences are nucleic acids that regulate the
expression of a coding sequence or direct a gene product to
a particular location in or outside a cell. Control sequences
that regulate expression include, for example, promoters that
regulate transcription of a coding sequence and terminators
that terminate transcription of a coding sequence. Another
control sequence is a 3' untranslated sequence located at the
end of a coding sequence that encodes a polyadenylation
signal. Control sequences that direct gene products to par-
ticular locations include those that encode signal peptides,
which direct the protein to which they are attached to a
particular location in or outside the cell.

Thus, an exemplary vector design for expression of an
exogenous gene in a microalgae contains a coding sequence
for a desired gene product (for example, a selectable marker,
a lipid pathway modification enzyme, or a sucrose utiliza-
tion enzyme) in operable linkage with a promoter active in
microalgae. Alternatively, if the vector does not contain a
promoter in operable linkage with the coding sequence of
interest, the coding sequence can be transformed into the
cells such that it becomes operably linked to an endogenous
promoter at the point of vector integration. The promoterless
method of transformation has been proven to work in
microalgae (see for example Plant Journal 14:4, (1998), pp.
441-447).

Many promoters are active in microalgae, including pro-
moters that are endogenous to the algae being transformed,
as well as promoters that are not endogenous to the algae
being transformed (i.e., promoters from other algae, pro-
moters from higher plants, and promoters from plant viruses
or algae viruses). [llustrative exogenous and/or endogenous
promoters that are active in microalgae (as well as antibiotic
resistance genes functional in microalgae) are described in
PCT Pub. No. 2008/151149 and references cited therein).

The promoter used to express an exogenous gene can be
the promoter naturally linked to that gene or can be a
heterologous gene. Some promoters are active in more than
one species of microalgae. Other promoters are species-
specific. Illustrative promoters include promoters such as
p-tubulin from Chlamydomonas reinhardtii, used in the
Examples below, and viral promoters, such as cauliflower
mosaic virus (CMV) and chlorella virus, which have been
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shown to be active in multiple species of microalgae (see for
example Plant Cell Rep. 2005 March; 23(10-11):727-35; 1
Microbiol. 2005 August; 43(4):361-5; Mar Biotechnol
(NY). 2002 January; 4(1):63-73). Another promoter that is
suitable for use for expression of exogenous genes in
Prototheca is the Chlorella sorokiniana glutamate dehydro-
genase promoter/S'UTR (SEQ ID NO: 69). Optionally, at
least 10, 20, 30, 40, 50, or 60 nucleotides or more of these
sequences containing a promoter are used. Illustrative pro-
moters useful for expression of exogenous genes in Pro-
totheca are listed in the sequence listing of this application,
such as the promoter of the Chlorella HUP1 gene (SEQ ID
NO:1) and the Chlorella ellipsoidea nitrate reductase pro-
moter (SEQ ID NO:2). Chlorella virus promoters can also be
used to express genes in Prototheca, such as SEQ 1D NOs:
1-7 of U.S. Pat. No. 6,395,965. Additional promoters active
in Prototheca can be found, for example, in Biochem
Biophys Res Commun. 1994 Oct. 14; 204(1):187-94; Plant
Mol. Biol. 1994 October; 26(1):85-93; Virology. 2004 Aug.
15;326(1):150-9; and Virology. 2004 Jan. 5; 318(1):214-23.

A promoter can generally be characterized as either
constitutive or inducible. Constitutive promoters are gener-
ally active or function to drive expression at all times (or at
certain times in the cell life cycle) at the same level.
Inducible promoters, conversely, are active (or rendered
inactive) or are significantly up- or down-regulated only in
response to a stimulus. Both types of promoters find appli-
cation in the methods of the invention. Inducible promoters
useful in the invention include those that mediate transcrip-
tion of an operably linked gene in response to a stimulus,
such as an exogenously provided small molecule (e.g,
glucose, as in SEQ ID NO:1), temperature (heat or cold),
lack of nitrogen in culture media, etc. Suitable promoters
can activate transcription of an essentially silent gene or
upregulate, preferably substantially, transcription of an oper-
ably linked gene that is transcribed at a low level.

Inclusion of termination region control sequence is
optional, and if employed, then the choice is be primarily
one of convenience, as the termination region is relatively
interchangeable. The termination region may be native to the
transcriptional initiation region (the promoter), may be
native to the DNA sequence of interest, or may be obtainable
from another source. See, for example, Chen and Orozco,
Nucleic Acids Res. (1988) 16:8411.

The present invention also provides control sequences and
recombinant genes and vectors containing them that provide
for the compartmentalized expression of a gene of interest.
Organelles for targeting are chloroplasts, plastids, mitochon-
dria, and endoplasmic reticulum. In addition, the present
invention provides control sequences and recombinant
genes and vectors containing them that provide for the
secretion of a protein outside the cell.

Proteins expressed in the nuclear genome of Prototheca
can be targeted to the plastid using plastid targeting signals.
Plastid targeting sequences endogenous to Chlorella are
known, such as genes in the Chlorella nuclear genome that
encode proteins that are targeted to the plastid; see for
example GenBank Accession numbers AY646197 and
AF499684, and in one embodiment, such control sequences
are used in the vectors of the present invention to target
expression of a protein to a Prototheca plastid.

The Examples below describe the use of algal plastid
targeting sequences to target heterologous proteins to the
correct compartment in the host cell. cDNA libraries were
made using Prototheca moriformis and Chlorella prototh-
ecodies cells and are described in Examples 12 and Example
11 below. Sequences were BLASTed and analyzed for
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homology to known proteins that traffic to the plastid/
chloroplast. The cDNAs encoding these proteins were
cloned and plastid targeting sequences were isolated from
these cDNAs. The amino acid sequences of the algal plastid
targeting sequences identified from the cDNA libraries and
the amino acid sequences of plant fatty acyl-ACP thio-
esterases that are used in the heterologous expression
Examples below are listed in SEQ ID NOs: 127-133.

In another embodiment of the present invention, the
expression of a polypeptide in Prototheca is targeted to the
endoplasmic reticulum. The inclusion of an appropriate
retention or sorting signal in an expression vector ensure that
proteins are retained in the endoplasmic reticulum (ER) and
do not go downstream into Golgi. For example, the
IMPACTVECTORI1.3 vector, from Wageningen UR-Plant
Research International, includes the well known KDEL
retention or sorting signal. With this vector, ER retention has
a practical advantage in that it has been reported to improve
expression levels 5-fold or more. The main reason for this
appears to be that the ER contains lower concentrations
and/or different proteases responsible for post-translational
degradation of expressed proteins than are present in the
cytoplasm. ER retention signals functional in green microal-
gae are known. For example, see Proc Natl Acad Sci USA.
2005 Apr. 26; 102(17):6225-30.

In another embodiment of the present invention, a poly-
peptide is targeted for secretion outside the cell into the
culture media. See Hawkins et al., Current Microbiology
Vol. 38 (1999), pp. 335-341 for examples of secretion
signals active in Chlorella that can be used, in accordance
with the methods of the invention, in Prototheca.

B. Genes and Codon Optimization

Typically, a gene includes a promoter, coding sequence,
and termination control sequences. When assembled by
recombinant DNA technology, a gene may be termed an
expression cassette and may be flanked by restriction sites
for convenient insertion into a vector that is used to intro-
duce the recombinant gene into a host cell. The expression
cassette can be flanked by DNA sequences from the genome
or other nucleic acid target to facilitate stable integration of
the expression cassette into the genome by homologous
recombination. Alternatively, the vector and its expression
cassette may remain unintegrated, in which case, the vector
typically includes an origin of replication, which is capable
of providing for replication of the heterologous vector DNA.

A common gene present on a vector is a gene that codes
for a protein, the expression of which allows the recombi-
nant cell containing the protein to be differentiated from
cells that do not express the protein. Such a gene, and its
corresponding gene product, is called a selectable marker.
Any of a wide variety of selectable markers can be employed
in a transgene construct useful for transforming Prototheca.
Examples of suitable selectable markers include the G418
resistance gene, the nitrate reductase gene (see Dawson et al.
(1997), Current Microbiology 35:356-362), the hygromycin
phosphotransterase gene (HPT; see Kim et al. (2002), Mar.
Biotechnol. 4:63-73), the neomycin phosphotransferase
gene, and the ble gene, which confers resistance to phleo-
mycin (Huang et al. (2007), Appl. Microbiol. Biotechnol.
72:197-205). Methods of determining sensitivity of microal-
gae to antibiotics are well known. For example, Mol Gen
Genet. 1996 Oct. 16; 252(5):572-9.

For purposes of the present invention, the expression
vector used to prepare a recombinant host cell of the
invention will include at least two, and often three, genes, if
one of the genes is a selectable marker. For example, a
genetically engineered Prototheca of the invention can be
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made by transformation with vectors of the invention that
comprise, in addition to a selectable marker, one or more
exogenous genes, such as, for example, sucrose invertase
gene or acyl ACP-thioesterase gene. One or both genes can
be expressed using an inducible promoter, which allows the
relative timing of expression of these genes to be controlled
to enhance the lipid yield and conversion to fatty acid esters.
Expression of the two or more exogenous genes may be
under control of the same inducible promoter or under
control of different inducible (or constitutive) promoters. In
the latter situation, expression of a first exogenous gene can
be induced for a first period of time (during which expres-
sion of a second exogenous gene may or may not be
induced) and expression of a second exogenous gene can be
induced for a second period of time (during which expres-
sion of a first exogenous gene may or may not be induced).

In other embodiments, the two or more exogenous genes
(in addition to any selectable marker) are: a fatty acyl-ACP
thioesterase and a fatty acyl-CoA/aldehyde reductase, the
combined action of which yields an alcohol product. Further
provided are other combinations of exogenous genes,
including without limitation, a fatty acyl-ACP thioesterase
and a fatty acyl-CoA reductase to generate aldehydes. In one
embodiment, the vector provides for the combination of a
fatty acyl-ACP thioesterase, a fatty acyl-CoA reductase, and
a fatty aldehyde decarbonylase to generate alkanes. In each
of these embodiments, one or more of the exogenous genes
can be expressed using an inducible promoter.

Other illustrative vectors of the invention that express two
or more exogenous genes include those encoding both a
sucrose transporter and a sucrose invertase enzyme and
those encoding both a selectable marker and a secreted
sucrose invertase. The recombinant Prototheca transformed
with either type of vector produce lipids at lower manufac-
turing cost due to the engineered ability to use sugar cane
(and sugar cane-derived sugars) as a carbon source. Insertion
of the two exogenous genes described above can be com-
bined with the disruption of polysaccharide biosynthesis
through directed and/or random mutagenesis, which steers
ever greater carbon flux into lipid production. Individually
and in combination, trophic conversion, engineering to alter
lipid production and treatment with exogenous enzymes
alter the lipid composition produced by a microorganism.
The alteration can be a change in the amount of lipids
produced, the amount of one or more hydrocarbon species
produced relative to other lipids, and/or the types of lipid
species produced in the microorganism. For example,
microalgae can be engineered to produce a higher amount
and/or percentage of TAGs.

For optimal expression of a recombinant protein, it is
beneficial to employ coding sequences that produce mRNA
with codons preferentially used by the host cell to be
transformed. Thus, proper expression of transgenes can
require that the codon usage of the transgene matches the
specific codon bias of the organism in which the transgene
is being expressed. The precise mechanisms underlying this
effect are many, but include the proper balancing of avail-
able aminoacylated tRNA pools with proteins being synthe-
sized in the cell, coupled with more efficient translation of
the transgenic messenger RNA (mRNA) when this need is
met. When codon usage in the transgene is not optimized,
available tRNA pools are not sufficient to allow for efficient
translation of the heterologous mRNA resulting in ribosomal
stalling and termination and possible instability of the trans-
genic mRNA.

The present invention provides codon-optimized nucleic
acids useful for the successtul expression of recombinant
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proteins in Prototheca. Codon usage in Prototheca species
was analyzed by studying cDNA sequences isolated from
Prototheca moriformis. This analysis represents the interro-
gation over 24,000 codons and resulted in Table 1 below.

TABLE 1

Preferred codon usage in Prototheca strains.

Ala

Cys

Asp

Glu

Phe

Gly

Ile

Lys

Leu

Pro

Gln

Arg

Ser

Thr

Val

GCG
GCA
GCT
GCC

TGT
TGC

GAT
GAC

GAG
GAA

TTT
TTC

GGG
GGA
GGT
GGC

CAT
CAC

ATA
ATT
ATC

ARG

TTG
TTA
CTG
CTA
CTT
CTC

AAT
AAC

CCG
cca
CCT
cce

CAG
CAA

AGG
AGA
CGG
CGA
CGT
CcGC

AGT
AGC
TCG
TCA
TCT
TCC

ACG
ACA
ACT
ACC

GTG
GTA

345 (0.
66 (0.
101 (0.
442 (0.
12 (0.
105 (0.
43 (0.
316 (0.
377 (0.
14 (0.
89 (0.
216 (0.
92 (0.
56 (0.
76 (0.
559 (0.
42 (0.
154 (0.
4 (0
30 (0.
338 (0.
284 (0.
7 (0
26 (0.
3 (0.
447 (0.
20 (0.
45 (0.
190 (0.
8 (0
201 (0
16l (0.
49 (0.
71 (0.
267 (0.
226 (0
48 (0
33 (0.
14 (0.
102 (0.
49 (0.
51 (0.
331 (0.
16 (
123 (
152 (
31 (
55 (
173 (
184 (0.
24 (0.
21 (0.
249 (0.
308 (0
9 (0
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TABLE 1-continued

Preferred codon usage in Prototheca strains.

GTT 35 (0.06)

GTC 262 (0.43)
Trp TGG 107 (1.00)
Tyr TAT 10 (0.05)

TAC 180 (0.95)
Met ATG 191 (1.00)
Stop TGA/TAG/TAA

In other embodiments, the gene in the recombinant vector
has been codon-optimized with reference to a microalgal
strain other than a Prototheca strain. For example, methods
of recoding genes for expression in microalgae are described
in U.S. Pat. No. 7,135,290. Additional information for codon
optimization is available, e.g., at the codon usage database
of GenBank.

While the methods and materials of the invention allow
for the introduction of any exogenous gene into Prototheca,
genes relating to sucrose utilization and lipid pathway
modification are of particular interest, as discussed in the
following sections.

IV. SUCROSE UTILIZATION

In embodiment, the recombinant Prototheca cell of the
invention further contains one or more exogenous sucrose
utilization genes. In various embodiments, the one or more
genes encode one or more proteins selected from the group
consisting of a fructokinase, a glucokinase, a hexokinase, a
sucrose invertase, a sucrose transporter. For example,
expression of a sucrose transporter and a sucrose invertase
allows Prototheca to transport sucrose into the cell from the
culture media and hydrolyze sucrose to yield glucose and
fructose. Optionally, a fructokinase can be expressed as well
in instances where endogenous hexokinase activity is insuf-
ficient for maximum phosphorylation of fructose. Examples
of suitable sucrose transporters are Genbank accession num-
bers CAD91334, CAB92307, and CAAS53390. Examples of
suitable fructokinases are Genbank accession numbers
P26984, P26420 and CAA43322.

In one embodiment, the present invention provides a
Prototheca host cell that secretes a sucrose invertase. Secre-
tion of a sucrose invertase obviates the need for expression
of a transporter that can transport sucrose into the cell. This
is because a secreted invertase catalyzes the conversion of a
molecule of sucrose into a molecule of glucose and a
molecule of fructose, both of which can be transported and
utilized by microbes provided by the invention. For
example, expression of a sucrose invertase (such as SEQ ID
NO:3) with a secretion signal (such as that of SEQ ID NO:
4 (from yeast), SEQ ID NO: 5 (from higher plants), SEQ ID
NO: 6 (eukaryotic consensus secretion signal), and SEQ ID
NO: 7 (combination of signal sequence from higher plants
and eukaryotic consensus) generates invertase activity out-
side the cell. Expression of such a protein, as enabled by the
genetic engineering methodology disclosed herein, allows
cells already capable of utilizing extracellular glucose as an
energy source to utilize sucrose as an extracellular energy
source.

Prototheca species expressing an invertase in media con-
taining sucrose are a preferred microalgal species for the
production of oil. Example 3 illustrates how the methods and
reagents of the invention can be used to express a recom-
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binant yeast invertase and secrete it from a recombinant
Prototheca cell. The expression and extracellular targeting
of this fully active protein allows the resulting host cells to
grow on sucrose, whereas their non-transformed counter-
parts cannot. Thus, the present invention provides Prototh-
eca recombinant cells with a codon-optimized invertase
gene, including but not limited to the yeast invertase gene,
integrated into their genome such that the invertase gene is
expressed as assessed by invertase activity and sucrose
hydrolysis. The present invention also provides invertase

34

peptide and its replacement by other transit peptides, either
endogenous to the host algae or from other sources (eukary-
otic, prokaryotic and viral), can identify whether any peptide
of interest can function as a transit peptide in guiding protein
egress from the cell.

Examples of suitable sucrose invertases include those
identified by Genbank accession numbers CAB95010,
NP_012104 and CAA06839. Non-limiting examples of suit-
able invertases are listed below in Table 2. Amino acid

. .10
genes useful as selectable markers in Prototheca recombi- sequences for each listed invertase are included in the
nant cells, as such cells are able to grow on sucrose, while Sequence Listing below. In some cases, the exogenous
their non-transformed counterparts cannot; and methods for I . .
: . . . sucrose utilization gene suitable for use in the methods and
selecting recombinant host cells using an invertase as a 3 ; .
powerful, selectable marker for algal molecular genetics. vectors of the invention encodes a sucrose 11.1verta§e Fhat hgs
The successful expression of a sucrose invertase in Pro- 13 at least 40, 50, 60, 75, or 90% or higher amino acid identity
totheca also illustrates another aspect of the present inven- with a sucrose invertase selected from Table 2.
TABLE 2
Sucrose invertases.
Description Organism GenBank Accession No. SEQ ID NO:
Invertase Chicorium intybus Y11124 SEQ ID NO: 20
Invertase Schizosaccharomyces ABO011433 SEQ ID NO: 21
pombe
beta-fructofuranosidase  Pichia anomala X80640 SEQ ID NO: 22
(invertase)
Invertase Debaryomyces occidentalis X17604 SEQ ID NO: 23
Invertase Oryza sativa ATF019113 SEQ ID NO: 24
Invertase Allium cepa AJ006067 SEQ ID NO: 25
Invertase Beta vulgaris subsp. AJ278531 SEQ ID NO: 26
Vulgaris
beta-fructofuranosidase  Bifidobacterium breve AAT28190 SEQ ID NO: 27
(invertase) UCC2003
Invertase Saccharomyces cerevisice  NP_012104 SEQ ID NO: 8 (nucleotide)
SEQ ID NO: 28 (amino acid)
Invertase A Zymomonas mobilis AAO38865 SEQ ID NO: 29

tion in that it demonstrates that heterologous (recombinant)
proteins can be expressed in the algal cell and successfully
transit outside of the cell and into the culture medium in a
fully active and functional form. Thus, the present invention
provides methods and reagents for expressing a wide and
diverse array of heterologous proteins in microalgae and
secreting them outside of the host cell. Such proteins
include, for example, industrial enzymes such as, for
example, lipases, proteases, cellulases, pectinases, amylases,
esterases, oxidoreductases, transferases, lactases,
isomerases, and invertases, as well as therapeutic proteins
such as, for example, growth factors, cytokines, full length
antibodies comprising two light and two heavy chains, Fabs,
scFvs (single chain variable fragment), camellid-type anti-
bodies, antibody fragments, antibody fragment-fusions,
antibody-receptor fusions, insulin, interferons, and insulin-
like growth factors.

The successful expression of a sucrose invertase in Pro-
totheca also illustrates another aspect of the present inven-
tion in that it provides methods and reagents for the use of
fungal transit peptides in algae to direct secretion of proteins
in Prototheca; and methods and reagents for determining if
a peptide can function, and the ability of it to function, as a
transit peptide in Prototheca cells. The methods and
reagents of the invention can be used as a tool and platform
to identify other transit peptides that can successfully traffic
proteins outside of a cell, and that the yeast invertase has
great utility in these methods. As demonstrated in this
example, removal of the endogenous yeast invertase transit
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The secretion of an invertase to the culture medium by
Prototheca enable the cells to grow as well on waste
molasses from sugar cane processing as they do on pure
reagent-grade glucose; the use of this low-value waste
product of sugar cane processing can provide significant cost
savings in the production of lipids and other oils. Thus, the
present invention provides a microbial culture containing a
population of Prototheca microorganisms, and a culture
medium comprising (i) sucrose and (ii) a sucrose invertase
enzyme. In various embodiments the sucrose in the culture
comes from sorghum, sugar beet, sugar cane, molasses, or
depolymerized cellulosic material (which may optionally
contain lignin). In another aspect, the methods and reagents
of the invention significantly increase the number and type
of feedstocks that can be utilized by recombinant Prototh-
eca. While the microbes exemplified here are altered such
that they can utilize sucrose, the methods and reagents of the
invention can be applied so that feedstocks such as cellu-
losics are utilizable by an engineered host microbe of the
invention with the ability to secrete cellulases, pectinases,
isomerases, or the like, such that the breakdown products of
the enzymatic reactions are no longer just simply tolerated
but rather utilized as a carbon source by the host.

V. LIPID PATHWAY ENGINEERING

In addition to altering the ability of Prototheca to utilize
feedstocks such as sucrose-containing feedstocks, the pres-
ent invention also provides recombinant Profotheca that
have been modified to alter the properties and/or proportions
of'lipids produced. The pathway can further, or alternatively,
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be modified to alter the properties and/or proportions of
various lipid molecules produced through enzymatic pro-
cessing of lipids and intermediates in the fatty acid pathway.
In various embodiments, the recombinant Prototheca cells
of the invention have, relative to their untransformed coun-
terparts, optimized lipid yield per unit volume and/or per
unit time, carbon chain length (e.g., for renewable diesel
production or for industrial chemicals applications requiring
lipid feedstock), reduced number of double or triple bonds,
optionally to zero, and increasing the hydrogen:carbon ratio
of a particular species of lipid or of a population of distinct
lipid.

In particular embodiments, one or more key enzymes that
control branch points in metabolism to fatty acid synthesis
have been up-regulated or down-regulated to improve lipid
production. Up-regulation can be achieved, for example, by
transforming cells with expression constructs in which a
gene encoding the enzyme of interest is expressed, e.g.,
using a strong promoter and/or enhancer elements that
increase transcription. Such constructs can include a select-
able marker such that the transformants can be subjected to
selection, which can result in amplification of the construct
and an increase in the expression level of the encoded
enzyme. Examples of enzymes suitable for up-regulation
according to the methods of the invention include pyruvate
dehydrogenase, which plays a role in converting pyruvate to
acetyl-CoA (examples, some from microalgae, include Gen-
bank accession numbers NP_415392; AAAS53047,
Q1XDMI1; and CAFO05587). Up-regulation of pyruvate
dehydrogenase can increase production of acetyl-CoA, and
thereby increase fatty acid synthesis. Acetyl-CoA carboxy-
lase catalyzes the initial step in fatty acid synthesis. Accord-
ingly, this enzyme can be up-regulated to increase produc-
tion of fatty acids (examples, some from microalgae, include
Genbank accession numbers BAA94752; AAA75528;
AAA81471; YP_537052; YP_536879; NP_045833; and
BAAS57908). Fatty acid production can also be increased by
up-regulation of acyl carrier protein (ACP), which carries
the growing acyl chains during fatty acid synthesis (ex-
amples, some from microalgae, include Genbank accession
numbers AOTOF8; P51280; NP_849041; YP_874433).
Glycerol-3-phosphate acyltransferase catalyzes the rate-lim-
iting step of fatty acid synthesis. Up-regulation of this
enzyme can increase fatty acid production (examples, some

from microalgae, include Genbank accession numbers
AAA74319; AAA33122; AAA37647, P44857, and
ABQ094442).

Up- and/or down-regulation of genes can be applied to
global regulators controlling the expression of the genes of
the fatty acid biosynthetic pathways. Accordingly, one or
more global regulators of fatty acid synthesis can be up- or
down-regulated, as appropriate, to inhibit or enhance,
respectively, the expression of a plurality of fatty acid
synthetic genes and, ultimately, to increase lipid production.
Examples include sterol regulatory element binding proteins
(SREBPs), such as SREBP-1a and SREBP-1c¢ (for examples
see Genbank accession numbers NP_035610 and
QIWTN3).

The present invention also provides recombinant Prototh-
eca cells that have been modified to contain one or more
exogenous genes encoding lipid modification enzymes such
as, for example, fatty acyl-ACP thioesterases (see Table 3),
fatty acyl-CoA/aldehyde reductases (see Table 4), fatty
acyl-CoA reductases (see Table 5), fatty aldehyde decarbo-
nylase (see Table 6), fatty aldehyde reductases, and squalene
synthases (see GenBank Accession number AF205791). In
some embodiments, genes encoding a fatty acyl-ACP thio-
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esterase and a naturally co-expressed acyl carrier protein are
transformed into a Prototheca cell, optionally with one or
more genes encoding other lipid modification enzymes. In
other embodiments, the ACP and the fatty acyl-ACP thio-
esterase may have an affinity for one another that imparts an
advantage when the two are used together in the microbes
and methods of the present invention, irrespective of
whether they are or are not naturally co-expressed in a
particular tissue or organism. Thus, the present invention
contemplates both naturally co-expressed pairs of these
enzymes as well as those that share an affinity for interacting
with one another to facilitate cleavage of a length-specific
carbon chain from the ACP.

In still other embodiments, an exogenous gene encoding
a desaturase is transformed into the Prototheca cell in
conjunction with one or more genes encoding other lipid
modification enzymes to provide modifications with respect
to lipid saturation. Stearoyl-ACP desaturase (see, e.g., Gen-
Bank Accession numbers AAF15308; ABM45911; and
AAY86086), for example, catalyzes the conversion of
stearoyl-ACP to oleoyl-ACP. Up-regulation of this gene can
increase the proportion of monounsaturated fatty acids pro-
duced by a cell; whereas down-regulation can reduce the
proportion of monounsaturates. Similarly, the expression of
one or more glycerolipid desaturases can be controlled to
alter the ratio of unsaturated to saturated fatty acids such as
w-6 fatty acid desaturase, w-3 fatty acid desaturase, or
w-6-oleate desaturase. In some embodiments, the desaturase
can be selected with reference to a desired carbon chain
length, such that the desaturase is capable of making loca-
tion specific modifications within a specified carbon-length
substrate, or substrates having a carbon-length within a
specified range.

Thus, in particular embodiments, microbes of the present
invention are genetically engineered to express one or more
exogenous genes selected from an acyl-ACP thioesterase, an
acyl-CoA/aldehyde reductase, a fatty acyl-CoA reductase, a
fatty aldehyde reductase, a fatty aldehyde decarbonylase, or
a naturally co-expressed acyl carrier protein. Suitable
expression methods are described above with respect to the
expression of a lipase gene, including, among other meth-
ods, inducible expression and compartmentalized expres-
sion. A fatty acyl-ACP thioesterase cleaves a fatty acid from
an acyl carrier protein (ACP) during lipid synthesis.
Through further enzymatic processing, the cleaved fatty acid
is then combined with a coenzyme to yield an acyl-CoA
molecule. This acyl-CoA is the substrate for the enzymatic
activity of a fatty acyl-CoA reductase to yield an aldehyde,
as well as for a fatty acyl-CoA/aldehyde reductase to yield
an alcohol. The aldehyde produced by the action of the fatty
acyl-CoA reductase identified above is the substrate for
further enzymatic activity by either a fatty aldehyde reduc-
tase to yield an alcohol, or a fatty aldehyde decarbonylase to
yield an alkane or alkene.

In some embodiments, fatty acids, glycerolipids, or the
corresponding primary alcohols, aldehydes, alkanes or alk-
enes, generated by the methods described herein, contain 8,
10, 12, or 14 carbon atoms. Preferred fatty acids for the
production of diesel, biodiesel, renewable diesel, or jet fuel,
or the corresponding primary alcohols, aldehydes, alkanes
and alkenes, for industrial applications contain 8 to 14
carbon atoms. In certain embodiments, the above fatty acids,
as well as the other corresponding hydrocarbon molecules,
are saturated (with no carbon-carbon double or triple bonds);
mono unsaturated (single double bond); poly unsaturated
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(two or more double bonds); are linear (not cyclic) or
branched. For fuel production, greater saturation is pre-
ferred.

The enzymes described directly above have a preferential
specificity for hydrolysis of a substrate containing a specific
number of carbon atoms. For example, a fatty acyl-ACP
thioesterase may have a preference for cleaving a fatty acid
having 12 carbon atoms from the ACP. In some embodi-
ments, the ACP and the length-specific thioesterase may
have an affinity for one another that makes them particularly
useful as a combination (e.g., the exogenous ACP and
thioesterase genes may be naturally co-expressed in a par-
ticular tissue or organism from which they are derived).
Therefore, in various embodiments, the recombinant Pro-
totheca cell of the invention can contain an exogenous gene
that encodes a protein with specificity for catalyzing an
enzymatic activity (e.g., cleavage of a fatty acid from an
ACP, reduction of an acyl-CoA to an aldehyde or an alcohol,
or conversion of an aldehyde to an alkane) with regard to the
number of carbon atoms contained in the substrate. The
enzymatic specificity can, in various embodiments, be for a
substrate having from 8 to 34 carbon atoms, preferably from
8 to 18 carbon atoms, and more preferably from 8 to 14
carbon atoms. A preferred specificity is for a substrate
having fewer, i.e., 12, rather than more, i.e., 18, carbon
atoms.
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In non-limiting but illustrative examples, the present
invention provides vectors and Prototheca host cells that
express an exogenous thioesterase and accordingly produce
lipid enriched, relative to the lipid profile of untransformed
Prototheca cells, in the chain length for which the thio-
esterase is specific. The thioesterases illustrated are (i)
Cinnamomum camphorum FatB1 (GenBank Accension No.
Q39473, amino acid sequence is in SEQ ID NO: 59, amino
acid sequence without plastid targeting sequence (PTS) is in
SEQ ID NO: 139, and codon optimized cDNA sequence
based on Table 1 is in SEQ ID NO: 60), which has a
preference for fatty acyl-ACP substrate with a carbon chain
length of 14; (ii)) Cuphea hookeriana FatB2 (GenBank
Accension No. AAC49269, amino acid sequence is in SEQ
ID NO: 61, amino acid sequence without PTS is in SEQ ID
NO: 138, and codon optimized cDNA sequence based on
Table 1 is in SEQ ID NO: 62), which has a preference for a
fatty acyl-ACP substrate with a carbon chain length of 8-10;
and (i) Umbellularia Fat B1 (GenBank Accession No.
Q41635, amino acid sequence is included in SEQ ID NO:
63, amino acid sequence without PTS is in SEQ ID NO: 139,
and codon optimized cDNA sequence based on Table 1 is
included in SEQ ID NO: 64), which has a preference for a
fatty acyl-ACP substrate with a carbon chain length of 12.

Other fatty acyl-ACP thioesterases suitable for use with
the microbes and methods of the invention include, without
limitation, those listed in Table 3.

TABLE 3

Fatty acyl-ACP thioesterases and GenBank accession numbers.

Umbellularia californica fatty acyl-ACP thioesterase (GenBank #AAC49001)
Cinnamomum camphora fatty acyl-ACP thioesterase (GenBank #Q39473)
Umbellularia californica fatty acyl-ACP thioesterase (GenBank #Q41635)
Myristica fragrans fatty acyl-ACP thioesterase (GenBank #AAB71729)
Myristica fragrans fatty acyl-ACP thioesterase (GenBank #AAB71730)
Elaeis guineensis fatty acyl-ACP thioesterase (GenBank #ABD83939)

Elaeis guineensis fatty acyl-ACP thioesterase (GenBank #AADA42220)
Populus tomentosa fatty acyl-ACP thioesterase (GenBank #ABC47311)
Arabidopsis thaliana fatty acyl-ACP thioesterase (GenBank #NP__172327)
Arabidopsis thaliana fatty acyl-ACP thioesterase (GenBank #CAA85387)
Arabidopsis thaliana fatty acyl-ACP thioesterase (GenBank #CAA85388)
Gossypium hirsutum fatty acyl-ACP thioesterase (GenBank #Q9SQI3)
Cuphea lanceolata fatty acyl-ACP thioesterase (GenBank #CAAS54060)
Cuphea hookeriana fatty acyl-ACP thioesterase (GenBank #AAC72882)
Cuphea calophylla subsp. mesostemon fatty acyl-ACP thioesterase (GenBank
#ABB71581)

Cuphea lanceolata fatty acyl-ACP thioesterase (GenBank #CAC19933)
Elaeis guineensis fatty acyl-ACP thioesterase (GenBank #AAL15645)
Cuphea hookeriana fatty acyl-ACP thioesterase (GenBank #Q39513)
Gossypium hirsutum fatty acyl-ACP thioesterase (GenBank #AADO01982)
Vitis vinifera fatty acyl-ACP thioesterase (GenBank #CANg81819)

Garcinia mangostana fatty acyl-ACP thioesterase (GenBank #AABS51525)
Brassica juncea fatty acyl-ACP thioesterase (GenBank #ABI18986)
Madhuca longifolia fatty acyl-ACP thioesterase (GenBank #AAX51637)
Brassica napus fatty acyl-ACP thioesterase (GenBank #ABH11710)

Oryza sativa (indica cultivar-group) fatty acyl-ACP thioesterase (GenBank #EAY86877)
Oryza sativa (japonica cultivar-group) fatty acyl-ACP thioesterase (GenBank
#NP__001068400)

Oryza sativa (indica cultivar-group) fatty acyl-ACP thioesterase (GenBank #EAY99617)
Cuphea hookeriana fatty acyl-ACP thioesterase (GenBank #AAC49269)
Ulmus Americana fatty acyl-ACP thioesterase (GenBank #AAB71731)
Cuphea lanceolata fatty acyl-ACP thioesterase (GenBank #CAB60830)
Cuphea palustris fatty acyl-ACP thioesterase (GenBank #AAC49180)

Iris germanica fatty acyl-ACP thioesterase (GenBank #AAG43858)

Cuphea palustris fatty acyl-ACP thioesterase (GenBank #AAC49179)
Myristica fragrans fatty acyl-ACP thioesterase (GenBank#AAB71729)
Cuphea hookeriana fatty acyl-ACP thioesterase (GenBank #1U39834)
Umbelluaria californica fatty acyl-ACP thioesterase (GenBank #M94159)
Cinnamomum camphora fatty acyl-ACP thioesterase (GenBank #U31813)
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The Examples below describe the successful targeting and
expression of heterologous fatty acyl-ACP thioesterases
from Cuphea hookeriana, Umbellularia californica, Cinna-
momun camphora in Prototheca species. Additionally,
alterations in fatty acid profiles were confirmed in the host
cells expression these heterologous fatty acyl-ACP thio-
esterases. These results were quite unexpected given the lack
of sequence identity between algal and higher plant thio-
esterases in general, and between Profotheca moriformis
fatty acyl-ACP thioesterase and the above listed heterolo-
gous fatty acyl-ACP thioesterases. Two Prototheca morifor-
mis acyl-ACP thioesterases were isolated and sequenced.
The sequences of the two cDNAs showed a high degree of
identity between each other, differing in only 12 positions at
the nucleotide level and five positions at the amino acid
level, four of these in the plastid transit peptide. Further
analysis of genomic sequence from Prototheca moriformis
confirmed that these two cDNAs were indeed encoded on
separate contigs, and although highly homolous, are
encoded by two distinct genes. The cDNA and amino acid
sequence of the two Prototheca moriformis fatty acyl-ACP
thioesterase, P. moriformis fatty acyl-ACP thioesterase-1
and P. moriformis fatty acyl-ACP thioesterase-2, are listed as
SEQ ID NOs: 134-137.

When the amino acid sequences of these two cDNAs were
BLASTed against the NCBI database, the two most homolo-
gous sequences were fatty acyl-ACP thioesterases from
Chlamydomonas reinhardtii and Arabidopsis thaliana. Sur-
prisingly, the level of amino acid identity between the
Prototheca moriformis fatty acyl-ACP thioesterases and
higher plant thioesterases was fairly low, at only 49 and 37%
identity. In addition, there also is a subtle difference in the
sequences surrounding the amino terminal portion of the
catalytic triad (NXHX,,C) among these fatty acyl-ACP
thioesterases. Thirty nine of forty higher plant fatty acyl-
ACP thioesterases surveyed showed the sequence LDM-
NQH surrounding the N and H residues at the amino
terminus of the triad, while all of the algal sequences
identified had the sequence MDMNGH. Given the low
amino acid sequence identity and the differences surround-
ing the catalytic triad of the thioesterases, the successful
results of expression of exogenous fatty acyl-ACP thio-
esterases obtained and described in the Examples were
unexpected, particularly given the fact that activity of the
exogenous fatty acyl-ACP thioesterases was dependent on a
functional protein-protein interaction with the endogenous
Prototheca acyl carrier protein.

Fatty acyl-CoA/aldehyde reductases suitable for use with
the microbes and methods of the invention include, without
limitation, those listed in Table 4.

TABLE 4

Fatty acyl-CoA/aldehyde reductases
listed by GenBank accession numbers.

AAC45217, YP_047869, BAB85476, YP__ 001086217, YP_ 580344,
YP__ 001280274, YP_ 264583, YP_ 436109, YP_ 959769,

ZP_ 01736962, ZP_ 01900335, ZP_ 01892096, ZP__ 01103974,

ZP_ 01915077, YP_ 924106, YP_ 130411, ZP_ 01222731, YP_ 550815,
YP_ 983712, YP_ 001019688, YP_ 524762, YP_ 856798, ZP_ 01115500,
YP_ 001141848, NP__336047, NP_216059, YP_ 882409, YP_ 706156,
YP_001136150, YP_ 952365, ZP_ 01221833, YP__ 130076, NP__567936,
AARRR762, ABK28586, NP__ 197634, CAD30694, NP__ 001063962,
BADA46254, NP__001030809, EAZ10132, EAZ43639, EAZ07989,
NP__001062488, CAB88537, NP__ 001052541, CAH66597, CAE02214,
CAHG66590, CAB88538, EAZ39844, AAZ06658, CAA68190,
CAAS52019, and BACR4377
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Fatty acyl-CoA reductases suitable for use with the
microbes and methods of the invention include, without
limitation, those listed in Table 5.

TABLE 5

Fatty acyl-CoA reductases listed by GenBank accession numbers.

NP__187805, ABO14927, NP__ 001049083, CAN83375, NP__ 191229,
EAZ42242, EAZ06453, CAD30696, BAD31814, NP__190040,
AAD38039, CAD30692, CAN81280, NP__197642, NP__190041,
AAL15288, and NP__190042

Fatty aldehyde decarbonylases suitable for use with the
microbes and methods of the invention include, without
limitation, those listed in Table 6.

TABLE 6

Fatty aldehyde decarbonylases listed by GenBank accession numbers.

NP__850932, ABN0O7985, CAN60676, AAC23640, CAA65199,
AAC24373, CAE03390, ABD28319, NP__181306, EAZ31322,
CANG63491, EAY94825, EAY86731, CAL55686, XP__ 001420263,
EAZ23849, NP__ 200588, NP_ 001063227, CAN83072,
AAR90847, and AAR97643

Combinations of naturally co-expressed fatty acyl-ACP
thioesterases and acyl carrier proteins are suitable for use
with the microbes and methods of the invention.

Additional examples of hydrocarbon or lipid modification
enzymes include amino acid sequences contained in, refer-
enced in, or encoded by nucleic acid sequences contained or
referenced in, any of the following U.S. Pat. Nos. 6,610,527,
6,451,576; 6,429,014; 6,342,380, 6,265,639; 6,194,185;
6,114,160; 6,083,731, 6,043,072; 5,994,114; 5,891,697,
5,871,988, 6,265,639, and further described in GenBank
Accession numbers: AAO18435; ZP_00513891; Q38710;
AAK60613; AAK60610; AAK60611; NP_113747,
CAB75874; AAK60612; AAF20201; BAA11024;
AF205791; and CAA03710.

Other suitable enzymes for use with the microbes and the
methods of the invention include those that have at least
70% amino acid identity with one of the proteins listed in
Tables 3-6, and that exhibit the corresponding desired enzy-
matic activity (e.g., cleavage of a fatty acid from an acyl
carrier protein, reduction of an acyl-CoA to an aldehyde or
an alcohol, or conversion of an aldehyde to an alkane). In
additional embodiments, the enzymatic activity is present in
a sequence that has at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%,
or at least about 99% identity with one of the above
described sequences, all of which are hereby incorporated by
reference as if fully set forth.

By selecting the desired combination of exogenous genes
to be expressed, one can tailor the product generated by the
microbe, which may then be extracted from the aqueous
biomass. For example, the microbe can contain: (i) an
exogenous gene encoding a fatty acyl-ACP thioesterase;
and, optionally, (ii) a naturally co-expressed acyl carrier
protein or an acyl carrier protein otherwise having affinity
for the fatty acyl-ACP thioesterase (or conversely); and,
optionally, (iii) an exogenous gene encoding a fatty acyl-
CoA/aldehyde reductase or a fatty acyl-CoA reductase; and,
optionally, (iv) an exogenous gene encoding a fatty aldehyde
reductase or a fatty aldehyde decarbonylase. The microbe,
under culture conditions described herein, synthesizes a
fatty acid linked to an ACP and the fatty acyl-ACP thio-
esterase catalyzes the cleavage of the fatty acid from the
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ACP to yield, through further enzymatic processing, a fatty
acyl-CoA molecule. When present, the fatty acyl-CoA/
aldehyde reducatase catalyzes the reduction of the acyl-CoA
to an alcohol. Similarly, the fatty acyl-CoA reductase, when
present, catalyzes the reduction of the acyl-CoA to an
aldehyde. In those embodiments in which an exogenous
gene encoding a fatty acyl-CoA reductase is present and
expressed to yield an aldehyde product, a fatty aldehyde
reductase, encoded by the third exogenous gene, catalyzes
the reduction of the aldehyde to an alcohol. Similarly, a fatty
aldehyde decarbonylase catalyzes the conversion of the
aldehyde to an alkane or an alkene, when present.

Genes encoding such enzymes can be obtained from cells
already known to exhibit significant lipid production such as
Chlorella protothecoides. Genes already known to have a
role in lipid production, e.g., a gene encoding an enzyme that
saturates double bonds, can be transformed individually into
recipient cells. However, to practice the invention it is not
necessary to make a priori assumptions as to which genes are
required. Methods for identifying genes that can alter (im-
prove) lipid production in microalgae are described in PCT
Pub. No. 2008/151149.

Thus, the present invention provides a Prototheca cell that
has been genetically engineered to express a lipid pathway
enzyme at an altered level compared to a wild-type cell of
the same species. In some cases, the cell produces more lipid
compared to the wild-type cell when both cells are grown
under the same conditions. In some cases, the cell has been
genetically engineered and/or selected to express a lipid
pathway enzyme at a higher level than the wild-type cell. In
some cases, the lipid pathway enzyme is selected from the
group consisting of pyruvate dehydrogenase, acetyl-CoA
carboxylase, acyl carrier protein, and glycerol-3 phosphate
acyltransferase. In some cases, the cell has been genetically
engineered and/or selected to express a lipid pathway
enzyme at a lower level than the wild-type cell. In at least
one embodiment in which the cell expresses the lipid
pathway enzyme at a lower level, the lipid pathway enzyme
comprises citrate synthase.

In some embodiments, the cell has been genetically
engineered and/or selected to express a global regulator of
fatty acid synthesis at an altered level compared to the
wild-type cell, whereby the expression levels of a plurality
of fatty acid synthetic genes are altered compared to the
wild-type cell. In some cases, the lipid pathway enzyme
comprises an enzyme that modifies a fatty acid. In some
cases, the lipid pathway enzyme is selected from a stearoyl-
ACP desaturase and a glycerolipid desaturase.

In other embodiments, the present invention is directed to
an oil-producing microbe containing one or more exogenous
genes, wherein the exogenous genes encode protein(s)
selected from the group consisting of a fatty acyl-ACP
thioesterase, a fatty acyl-CoA reductase, a fatty aldehyde
reductase, a fatty acyl-CoA/aldehyde reductase, a fatty alde-
hyde decarbonylase, and an acyl carrier protein. In one
embodiment, the exogenous gene is in operable linkage with
a promoter, which is inducible or repressible in response to
a stimulus. In some cases, the stimulus is selected from the
group consisting of an exogenously provided small mol-
ecule, heat, cold, and limited or no nitrogen in the culture
media. In some cases, the exogenous gene is expressed in a
cellular compartment. In some embodiments, the cellular
compartment is selected from the group consisting of a
chloroplast, a plastid and a mitochondrion. In some embodi-
ments the microbe is Prototheca moriformis, Prototheca
krugani, Prototheca stagnora or Prototheca zopfii.
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In one embodiment, the exogenous gene encodes a fatty
acid acyl-ACP thioesterase. In some cases, the thioesterase
encoded by the exogenous gene catalyzes the cleavage of an
8 to 18-carbon fatty acid from an acyl carrier protein (ACP).
In some cases, the thioesterase encoded by the exogenous
gene catalyzes the cleavage of a 10 to 14-carbon fatty acid
from an ACP. In one embodiment, the thioesterase encoded
by the exogenous gene catalyzes the cleavage of a 12-carbon
fatty acid from an ACP.

In one embodiment, the exogenous gene encodes a fatty
acyl-CoA/aldehyde reductase. In some cases, the reductase
encoded by the exogenous gene catalyzes the reduction of an
8 to 18-carbon fatty acyl-CoA to a corresponding primary
alcohol. In some cases, the reductase encoded by the exog-
enous gene catalyzes the reduction of a 10 to 14-carbon fatty
acyl-CoA to a corresponding primary alcohol. In one
embodiment, the reductase encoded by the exogenous gene
catalyzes the reduction of a 12-carbon fatty acyl-CoA to
dodecanol.

The present invention also provides a recombinant Pro-
totheca cell containing two exogenous genes, wherein a first
exogenous gene encodes a fatty acyl-ACP thioesterase and
a second exogenous gene encodes a protein selected from
the group consisting of a fatty acyl-CoA reductase, a fatty
acyl-CoA/aldehyde reductase, and an acyl carrier protein. In
some cases, the two exogenous genes are each in operable
linkage with a promoter, which is inducible in response to a
stimulus. In some cases, each promoter is inducible in
response to an identical stimulus, such as limited or no
nitrogen in the culture media. Limitation or complete lack of
nitrogen in the culture media stimulates oil production in
some microorganisms such as Prototheca species, and can
be used as a trigger to induce oil production to high levels.
When used in combination with the genetic engineering
methods disclosed herein, the lipid as a percentage of dry
cell weight can be pushed to high levels such as at least 30%,
at least 40%, at least 50%, at least 60%, at least 70% and at
least 75%; methods disclosed herein provide for cells with
these levels of lipid, wherein the lipid is at least 4% C8-C14,
at least 0.3% C8, at least 2% C10, at least 2% C12, and at
least 2% C14. In some embodiments the cells are over 25%
lipid by dry cell weight and contain lipid that is at least 10%
C8-C14, at least 20% C8-C14, at least 30% C8-C14, 10-30%
C8-C14 and 20-30% C8-C14.

The novel oils disclosed herein are distinct from other
naturally occurring oils that are high in mic-chain fatty
acids, such as palm oil, palm kernel oil, and coconut oil. For
example, levels of contaminants such as carotenoids are far
higher in palm oil and palm kernel oil than in the oils of the
invention. Palm and palm kernel oils in particular contain
alpha and beta carotenes and lycopene in much higher
amounts than is in the oils of the invention. In addition, over
20 different carotenoids are found in palm and palm kernel
oil, whereas the Examples demonstrate that the oils of the
invention contain very few carotenoids species and very low
levels. In addition, the levels of vitamin E compounds such
as tocotrienols are far higher in palm, palm kernel, and
coconut oil than in the oils of the invention.

In one embodiment, the thioesterase encoded by the first
exogenous gene catalyzes the cleavage of an 8 to 18-carbon
fatty acid from an ACP. In some embodiments, the second
exogenous gene encodes a fatty acyl-CoA/aldehyde reduc-
tase which catalyzes the reduction of an 8 to 18-carbon fatty
acyl-CoA to a corresponding primary alcohol. In some
cases, the thioesterase encoded by the first exogenous gene
catalyzes the cleavage of a 10 to 14-carbon fatty acid from
an ACP, and the reductase encoded by the second exogenous
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gene catalyzes the reduction of a 10 to 14-carbon fatty
acyl-CoA to the corresponding primary alcohol, wherein the
thioesterase and the reductase act on the same carbon chain
length. In one embodiment, the thioesterase encoded by the
first exogenous gene catalyzes the cleavage of a 12-carbon
fatty acid from an ACP, and the reductase encoded by the
second exogenous gene catalyzes the reduction of a 12-car-
bon fatty acyl-CoA to dodecanol. In some embodiments, the
second exogenous gene encodes a fatty acyl-CoA reductase
which catalyzes the reduction of an 8 to 18-carbon fatty
acyl-CoA to a corresponding aldehyde. In some embodi-
ments, the second exogenous gene encodes an acyl carrier
protein that is naturally co-expressed with the fatty acyl-
ACP thioesterase.

In some embodiments, the second exogenous gene
encodes a fatty acyl-CoA reductase, and the microbe further
contains a third exogenous gene encoding a fatty aldehyde
decarbonylase. In some cases, the thioesterase encoded by
the first exogenous gene catalyzes the cleavage of an 8 to
18-carbon fatty acid from an ACP, the reductase encoded by
the second exogenous gene catalyzes the reduction of an 8
to 18-carbon fatty acyl-CoA to a corresponding-fatty alde-
hyde, and the decarbonylase encoded by the third exogenous
gene catalyzes the conversion of an 8 to 18-carbon fatty
aldehyde to a corresponding alkane, wherein the thio-
esterase, the reductase, and the decarbonylase act on the
same carbon chain length.

In some embodiments, the second exogenous gene
encodes an acyl carrier protein, and the microbe further
contains a third exogenous gene encoding a protein selected
from the group consisting of a fatty acyl-CoA reductase and
a fatty acyl-CoA/aldehyde reductase. In some cases, the
third exogenous gene encodes a fatty acyl-CoA reductase,
and the microbe further contains a fourth exogenous gene
encoding a fatty aldehyde decarbonylase.

The present invention also provides methods for produc-
ing an alcohol comprising culturing a population of recom-
binant Prototheca cells in a culture medium, wherein the
cells contain (i) a first exogenous gene encoding a fatty
acyl-ACP thioesterase, and (ii) a second exogenous gene
encoding a fatty acyl-CoA/aldehyde reductase, and the cells
synthesize a fatty acid linked to an acyl carrier protein
(ACP), the fatty acyl-ACP thioesterase catalyzes the cleav-
age of the fatty acid from the ACP to yield, through further
processing, a fatty acyl-CoA, and the fatty acyl-CoA/alde-
hyde reductase catalyzes the reduction of the acyl-CoA to an
alcohol.

The present invention also provides methods of producing
a lipid molecule in a Prototheca cell. In one embodiment,
the method comprises culturing a population of Prototheca
cells in a culture medium, wherein the cells contain (i) a first
exogenous gene encoding a fatty acyl-ACP thioesterase, and
(i1) a second exogenous gene encoding a fatty acyl-CoA
reductase, and wherein the microbes synthesize a fatty acid
linked to an acyl carrier protein (ACP), the fatty acyl-ACP
thioesterase catalyzes the cleavage of the fatty acid from the
ACP to yield, through further processing, a fatty acyl-CoA,
and the fatty acyl-CoA reductase catalyzes the reduction of
the acyl-CoA to an aldehyde.

The present invention also provides methods of producing
a fatty acid molecule having a specified carbon chain length
in a Prototheca cell. In one embodiment, the method com-
prises culturing a population of lipid-producing Prototheca
cells in a culture medium, wherein the microbes contain an
exogenous gene encoding a fatty acyl-ACP thioesterase
having an activity specific or preferential to a certain carbon
chain length, such as 8, 10, 12 or 14 carbon atoms, and
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wherein the microbes synthesize a fatty acid linked to an
acyl carrier protein (ACP) and the thioesterase catalyzes the
cleavage of the fatty acid from the ACP when the fatty acid
has been synthesized to the specific carbon chain length.
In the various embodiments described above, the Prototh-
eca cell can contain at least one exogenous gene encoding a
lipid pathway enzyme. In some cases, the lipid pathway
enzyme is selected from the group consisting of a stearoyl-
ACP desaturase, a glycerolipid desaturase, a pyruvate dehy-
drogenase, an acetyl-CoA carboxylase, an acyl carrier pro-
tein, and a glycerol-3 phosphate acyltransferase. In other
cases, the Prototheca cell contains a lipid modification
enzyme selected from the group consisting of a fatty acyl-
ACP thioesterase, a fatty acyl-CoA/aldehyde reductase, a
fatty acyl-CoA reductase, a fatty aldehyde reductase, a fatty
aldehyde decarbonylase, and/or an acyl carrier protein.

VI. FUELS AND CHEMICALS PRODUCTION

For the production of fuel in accordance with the methods
of the invention lipids produced by cells of the invention are
harvested, or otherwise collected, by any convenient means.
Lipids can be isolated by whole cell extraction. The cells are
first disrupted, and then intracellular and cell membrane/cell
wall-associated lipids as well as extracellular hydrocarbons
can be separated from the cell mass, such as by use of
centrifugation as described above. Intracellular lipids pro-
duced in microorganisms are, in some embodiments,
extracted after lysing the cells of the microorganism. Once
extracted, the lipids are further refined to produce oils, fuels,
or oleochemicals.

After completion of culturing, the microorganisms can be
separated from the fermentation broth. Optionally, the sepa-
ration is effected by centrifugation to generate a concen-
trated paste. Centrifugation does not remove significant
amounts of intracellular water from the microorganisms and
is not a drying step. The biomass can then optionally be
washed with a washing solution (e.g., DI water) to get rid of
the fermentation broth and debris. Optionally, the washed
microbial biomass may also be dried (oven dried,
lyophilized, etc.) prior to cell disruption. Alternatively, cells
can be lysed without separation from some or all of the
fermentation broth when the fermentation is complete. For
example, the cells can be at a ratio of less than 1:1 v:v cells
to extracellular liquid when the cells are lysed.

Microorganisms containing a lipid can be lysed to pro-
duce a lysate. As detailed herein, the step of lysing a
microorganism (also referred to as cell lysis) can be
achieved by any convenient means, including heat-induced
lysis, adding a base, adding an acid, using enzymes such as
proteases and polysaccharide degradation enzymes such as
amylases, using ultrasound, mechanical lysis, using osmotic
shock, infection with a lytic virus, and/or expression of one
or more lytic genes. Lysis is performed to release intracel-
Iular molecules which have been produced by the microor-
ganism. Each of these methods for lysing a microorganism
can be used as a single method or in combination simulta-
neously or sequentially. The extent of cell disruption can be
observed by microscopic analysis. Using one or more of the
methods described herein, typically more than 70% cell
breakage is observed. Preferably, cell breakage is more than
80%, more preferably more than 90% and most preferred
about 100%.

In particular embodiments, the microorganism is lysed
after growth, for example to increase the exposure of cellular
lipid and/or hydrocarbon for extraction or further process-
ing. The timing of lipase expression (e.g., via an inducible
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promoter) or cell lysis can be adjusted to optimize the yield
of lipids and/or hydrocarbons. Below are described a num-
ber of lysis techniques. These techniques can be used
individually or in combination.

In one embodiment of the present invention, the step of
lysing a microorganism comprises heating of a cellular
suspension containing the microorganism. In this embodi-
ment, the fermentation broth containing the microorganisms
(or a suspension of microorganisms isolated from the fer-
mentation broth) is heated until the microorganisms, i.e., the
cell walls and membranes of microorganisms degrade or
breakdown. Typically, temperatures applied are at least 50°
C. Higher temperatures, such as, at least 30° C. at least 60°
C., atleast 70° C., at least 80° C., at least 90° C., at least 100°
C., atleast 110° C., at least 120° C., at least 130° C. or higher
are used for more efficient cell lysis. Lysing cells by heat
treatment can be performed by boiling the microorganism.
Alternatively, heat treatment (without boiling) can be per-
formed in an autoclave. The heat treated lysate may be
cooled for further treatment. Cell disruption can also be
performed by steam treatment, i.e., through addition of
pressurized steam. Steam treatment of microalgae for cell
disruption is described, for example, in U.S. Pat. No. 6,750,
048. In some embodiments, steam treatment may be
achieved by sparging steam into the fermentor and main-
taining the broth at a desired temperature for less than about
90 minutes, preferably less than about 60 minutes, and more
preferably less than about 30 minutes.

In another embodiment of the present invention, the step
of lysing a microorganism comprises adding a base to a
cellular suspension containing the microorganism. The base
should be strong enough to hydrolyze at least a portion of the
proteinaceous compounds of the microorganisms used.
Bases which are useful for solubilizing proteins are known
in the art of chemistry. Exemplary bases which are useful in
the methods of the present invention include, but are not
limited to, hydroxides, carbonates and bicarbonates of
lithium, sodium, potassium, calcium, and mixtures thereof.
A preferred base is KOH. Base treatment of microalgae for
cell disruption is described, for example, in U.S. Pat. No.
6,750,048.

In another embodiment of the present invention, the step
of lysing a microorganism comprises adding an acid to a
cellular suspension containing the microorganism. Acid
lysis can be effected using an acid at a concentration of
10-500 mN or preferably 40-160 nM. Acid lysis is prefer-
ably performed at above room temperature (e.g., at 40-160°,
and preferably a temperature of 50-130°. For moderate
temperatures (e.g., room temperature to 100° C. and par-
ticularly room temperature to 65°, acid treatment can use-
fully be combined with sonication or other cell disruption
methods.

In another embodiment of the present invention, the step
of lysing a microorganism comprises lysing the microor-
ganism by using an enzyme. Preferred enzymes for lysing a
microorganism are proteases and polysaccharide-degrading
enzymes such as hemicellulase (e.g., hemicellulase from
Aspergillus niger; Sigma Aldrich, St. Louis, Mo.; #H2125),
pectinase (e.g., pectinase from Rhizopus sp.; Sigma Aldrich,
St. Louis, Mo.; #P2401), Mannaway 4.0 L. (Novozymes),
cellulase (e.g., cellulose from Trichodeima viride; Sigma
Aldrich, St. Louis, Mo.; #C9422), and driselase (e.g., drise-
lase from Basidiomycetes sp.; Sigma Aldrich, St. Louis,
Mo.; #D9515.

In other embodiments of the present invention, lysis is
accomplished using an enzyme such as, for example, a
cellulase such as a polysaccharide-degrading enzyme,
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optionally from Chlorella or a Chlorella virus, or a pro-
teases, such as Streptomyces griseus protease, chy-
motrypsin, proteinase K, proteases listed in Degradation of
Polylactide by Commercial Proteases, Oda Y et al., Journal
of Polymers and the Environment, Volume 8, Number 1,
January 2000, pp. 29-32(4), Alcalase 2.4 FG (Novozymes),
and Flavourzyme 100 L (Novozymes). Any combination of
a protease and a polysaccharide-degrading enzyme can also
be used, including any combination of the preceding pro-
teases and polysaccharide-degrading enzymes.

In another embodiment, lysis can be performed using an
expeller press. In this process, biomass is forced through a
screw-type device at high pressure, lysing the cells and
causing the intracellular lipid to be released and separated
from the protein and fiber (and other components) in the cell.

In another embodiment of the present invention, the step
of lysing a microorganism is performed by using ultrasound,
i.e., sonication. Thus, cells can also by lysed with high
frequency sound. The sound can be produced electronically
and transported through a metallic tip to an appropriately
concentrated cellular suspension. This sonication (or ultra-
sonication) disrupts cellular integrity based on the creation
of cavities in cell suspension.

In another embodiment of the present invention, the step
of lysing a microorganism is performed by mechanical lysis.
Cells can be lysed mechanically and optionally homog-
enized to facilitate hydrocarbon (e.g., lipid) collection. For
example, a pressure disrupter can be used to pump a cell
containing slurry through a restricted orifice valve. High
pressure (up to 1500 bar) is applied, followed by an instant
expansion through an exiting nozzle. Cell disruption is
accomplished by three different mechanisms: impingement
on the valve, high liquid shear in the orifice, and sudden
pressure drop upon discharge, causing an explosion of the
cell. The method releases intracellular molecules. Alterna-
tively, a ball mill can be used. In a ball mill, cells are agitated
in suspension with small abrasive particles, such as beads.
Cells break because of shear forces, grinding between beads,
and collisions with beads. The beads disrupt the cells to
release cellular contents. Cells can also be disrupted by shear
forces, such as with the use of blending (such as with a high
speed or Waring blender as examples), the french press, or
even centrifugation in case of weak cell walls, to disrupt
cells.

In another embodiment of the present invention, the step
of lysing a microorganism is performed by applying an
osmotic shock.

In another embodiment of the present invention, the step
of lysing a microorganism comprises infection of the micro-
organism with a lytic virus. A wide variety of viruses are
known to lyse microorganisms suitable for use in the present
invention, and the selection and use of a particular lytic virus
for a particular microorganism is within the level of skill in
the art. For example, paramecium bursaria chlovella virus
(PBCV-1) is the prototype of a group (family Phycodnaviri-
dae, genus Chlorovirus) of large, icosahedral, plaque-form-
ing, double-stranded DNA viruses that replicate in, and lyse,
certain unicellular, eukaryotic chlorella-like green algae.
Accordingly, any susceptible microalgae can be lysed by
infecting the culture with a suitable chlorella virus. Methods
of infecting species of Chlorella with a chlorella virus are
known. See for example Adv. Virus Res. 2006; 66:293-336;
Virology, 1999 Apr. 25; 257(1):15-23; Virology, 2004 Jan. 5;
318(1):214-23; Nucleic Acids Symp. Ser. 2000; (44):161-2;
J. Virol. 2006 March; 80(5):2437-44; and Annu. Rev. Micro-
biol. 1999; 53:447-94.
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In another embodiment of the present invention, the step
of lysing a microorganism comprises autolysis. In this
embodiment, a microorganism according to the invention is
genetically engineered to produce a lytic protein that will
lyse the microorganism. This lytic gene can be expressed
using an inducible promoter so that the cells can first be
grown to a desirable density in a fermentor, followed by
induction of the promoter to express the lytic gene to lyse the
cells. In one embodiment, the lytic gene encodes a polysac-
charide-degrading enzyme. In certain other embodiments,
the lytic gene is a gene from a lytic virus. Thus, for example,
a lytic gene from a Chlorella virus can be expressed in an
algal cell; see Virology 260, 308-315 (1999); FEMS Micro-
biology Letters 180 (1999) 45-53; Virology 263, 376-387
(1999); and Virology 230, 361-368 (1997). Expression of
Iytic genes is preferably done using an inducible promoter,
such as a promoter active in microalgae that is induced by
a stimulus such as the presence of a small molecule, light,
heat, and other stimuli.

Various methods are available for separating lipids from
cellular lysates produced by the above methods. For
example, lipids and lipid derivatives such as fatty aldehydes,
fatty alcohols, and hydrocarbons such as alkanes can be
extracted with a hydrophobic solvent such as hexane (see
Frenz et al. 1989, Enzyme Microb. Technol., 11:717). Lipids
and lipid derivatives can also be extracted using liquefaction
(see for example Sawayama et al. 1999, Biomass and
Bioenergy 17:33-39 and Inoue et al. 1993, Biomass Bioen-
ergy 6(4):269-274); oil liquefaction (see for example
Minowa et al. 1995, Fuel 74(12):1735-1738); and super-
critical CO, extraction (see for example Mendes et al. 2003,
Inorganica Chimica Acta 356:328-334). Miao and Wu
describe a protocol of the recovery of microalgal lipid from
a culture of Chlorella prototheocoides in which the cells
were harvested by centrifugation, washed with distilled
water and dried by freeze drying. The resulting cell powder
was pulverized in a mortar and then extracted with n-hexane.
Miao and Wu, Biosource Technology (2006) 97:841-846.

Thus, lipids, lipid derivatives and hydrocarbons generated
by the microorganisms of the present invention can be
recovered by extraction with an organic solvent. In some
cases, the preferred organic solvent is hexane. Typically, the
organic solvent is added directly to the lysate without prior
separation of the lysate components. In one embodiment, the
lysate generated by one or more of the methods described
above is contacted with an organic solvent for a period of
time sufficient to allow the lipid and/or hydrocarbon com-
ponents to form a solution with the organic solvent. In some
cases, the solution can then be further refined to recover
specific desired lipid or hydrocarbon components. Hexane
extraction methods are well known in the art.

Lipids and lipid derivatives such as fatty aldehydes, fatty
alcohols, and hydrocarbons such as alkanes produced by
cells as described herein can be modified by the use of one
or more enzymes, including a lipase, as described above.
When the hydrocarbons are in the extracellular environment
of the cells, the one or more enzymes can be added to that
environment under conditions in which the enzyme modifies
the hydrocarbon or completes its synthesis from a hydro-
carbon precursor. Alternatively, the hydrocarbons can be
partially, or completely, isolated from the cellular material
before addition of one or more catalysts such as enzymes.
Such catalysts are exogenously added, and their activity
occurs outside the cell or in vitro.

Thus, lipids and hydrocarbons produced by cells in vivo,
or enzymatically modified in vitro, as described herein can
be optionally further processed by conventional means. The
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processing can include “cracking” to reduce the size, and
thus increase the hydrogen:carbon ratio, of hydrocarbon
molecules. Catalytic and thermal cracking methods are
routinely used in hydrocarbon and triglyceride oil process-
ing. Catalytic methods involve the use of a catalyst, such as
a solid acid catalyst. The catalyst can be silica-alumina or a
zeolite, which result in the heterolytic, or asymmetric,
breakage of a carbon-carbon bond to result in a carbocation
and a hydride anion. These reactive intermediates then
undergo either rearrangement or hydride transfer with
another hydrocarbon. The reactions can thus regenerate the
intermediates to result in a self-propagating chain mecha-
nism. Hydrocarbons can also be processed to reduce, option-
ally to zero, the number of carbon-carbon double, or triple,
bonds therein. Hydrocarbons can also be processed to
remove or eliminate a ring or cyclic structure therein.
Hydrocarbons can also be processed to increase the hydro-
gen:carbon ratio. This can include the addition of hydrogen
(“hydrogenation™) and/or the “cracking” of hydrocarbons
into smaller hydrocarbons.

Thermal methods involve the use of elevated temperature
and pressure to reduce hydrocarbon size. An elevated tem-
perature of about 800° C. and pressure of about 700 kPa can
be used. These conditions generate “light,” a term that is
sometimes used to refer to hydrogen-rich hydrocarbon mol-
ecules (as distinguished from photon flux), while also gen-
erating, by condensation, heavier hydrocarbon molecules
which are relatively depleted of hydrogen. The methodology
provides homolytic, or symmetrical, breakage and produces
alkenes, which may be optionally enzymatically saturated as
described above.

Catalytic and thermal methods are standard in plants for
hydrocarbon processing and oil refining. Thus hydrocarbons
produced by cells as described herein can be collected and
processed or refined via conventional means. See Hillen et
al. (Biotechnology and Bioengineering, Vol. XXIV:193-205
(1982)) for a report on hydrocracking of microalgae-pro-
duced hydrocarbons. In alternative embodiments, the frac-
tion is treated with another catalyst, such as an organic
compound, heat, and/or an inorganic compound. For pro-
cessing of lipids into biodiesel, a transesterification process
is used as described in Section IV herein.

Hydrocarbons produced via methods of the present inven-
tion are useful in a variety of industrial applications. For
example, the production of linear alkylbenzene sulfonate
(LAS), an anionic surfactant used in nearly all types of
detergents and cleaning preparations, utilizes hydrocarbons
generally comprising a chain of 10-14 carbon atoms. See,
for example, U.S. Pat. Nos. 6,946,430; 5,506,201; 6,692,
730, 6,268,517, 6,020,509; 6,140,302; 5,080,848; and
5,567,359. Surfactants, such as LAS, can be used in the
manufacture of personal care compositions and detergents,
such as those described in U.S. Pat. Nos. 5,942,479, 6,086,
903; 5,833,999; 6,468,955; and 6,407,044.

Increasing interest is directed to the use of hydrocarbon
components of biological origin in fuels, such as biodiesel,
renewable diesel, and jet fuel, since renewable biological
starting materials that may replace starting materials derived
from fossil fuels are available, and the use thereof is
desirable. There is an urgent need for methods for producing
hydrocarbon components from biological materials. The
present invention fulfills this need by providing methods for
production of biodiesel, renewable diesel, and jet fuel using
the lipids generated by the methods described herein as a
biological material to produce biodiesel, renewable diesel,
and jet fuel.
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Traditional diesel fuels are petroleum distillates rich in
paraffinic hydrocarbons. They have boiling ranges as broad
as 370° to 780° F., which are suitable for combustion in a
compression ignition engine, such as a diesel engine vehicle.

The American Society of Testing and Materials (ASTM) 5

establishes the grade of diesel according to the boiling range,
along with allowable ranges of other fuel properties, such as
cetane number, cloud point, flash point, viscosity, aniline
point, sulfur content, water content, ash content, copper strip

corrosion, and carbon residue. Technically, any hydrocarbon 10

distillate material derived from biomass or otherwise that
meets the appropriate ASTM specification can be defined as
diesel fuel (ASTM D975), jet fuel (ASTM D1655), or as
biodiesel if it is a fatty acid methyl ester (ASTM D6751).

After extraction, lipid and/or hydrocarbon components 15

recovered from the microbial biomass described herein can
be subjected to chemical treatment to manufacture a fuel for
use in diesel vehicles and jet engines.

Biodiesel is a liquid which varies in color—between

golden and dark brown—depending on the production feed- 20

stock. It is practically immiscible with water, has a high
boiling point and low vapor pressure. Biodiesel refers to a
diesel-equivalent processed fuel for use in diesel-engine
vehicles. Biodiesel is biodegradable and non-toxic. An addi-

tional benefit of biodiesel over conventional diesel fuel is 25

lower engine wear. Typically, biodiesel comprises C14-C18
alkyl esters. Various processes convert biomass or a lipid
produced and isolated as described herein to diesel fuels. A
preferred method to produce biodiesel is by transesterifica-

tion of a lipid as described herein. A preferred alkyl ester for 30

use as biodiesel is a methyl ester or ethyl ester.

Biodiesel produced by a method described herein can be
used alone or blended with conventional diesel fuel at any
concentration in most modern diesel-engine vehicles. When
blended with conventional diesel fuel (petroleum diesel),

O—OCR,

O—OCR;

O—OCR;
Triglyceride

biodiesel may be present from about 0.1% to about 99.9%. =

Much of the world uses a system known as the “B” factor to
state the amount of biodiesel in any fuel mix. For example,
fuel containing 20% biodiesel is labeled B20. Pure biodiesel
is referred to as B100.

Biodiesel can also be used as a heating fuel in domestic
and commercial boilers. Existing oil boilers may contain
rubber parts and may require conversion to run on biodiesel.
The conversion process is usually relatively simple, involv-

50

ing the exchange of rubber parts for synthetic parts due to 55

biodiesel being a strong solvent. Due to its strong solvent
power, burning biodiesel will increase the efficiency of
boilers. Biodiesel can be used as an additive in formulations
of diesel to increase the lubricity of pure Ultra-Low Sulfur

Diesel (ULSD) fuel, which is advantageous because it has 60

virtually no sulfur content. Biodiesel is a better solvent than
petrodiesel and can be used to break down deposits of
residues in the fuel lines of vehicles that have previously
been run on petrodiesel.

Biodiesel can be produced by transesterification of tri- 65

glycerides contained in oil-rich biomass. Thus, in another
aspect of the present invention a method for producing

50

biodiesel is provided. In a preferred embodiment, the
method for producing biodiesel comprises the steps of (a)
cultivating a lipid-containing microorganism using methods
disclosed herein (b) lysing a lipid-containing microorganism
to produce a lysate, (c) isolating lipid from the lysed
microorganism, and (d) transesterifying the lipid composi-
tion, whereby biodiesel is produced. Methods for growth of
a microorganism, lysing a microorganism to produce a
lysate, treating the lysate in a medium comprising an organic
solvent to form a heterogeneous mixture and separating the
treated lysate into a lipid composition have been described
above and can also be used in the method of producing
biodiesel.

The lipid profile of the biodiesel is usually highly similar
to the lipid profile of the feedstock oil. Other oils provided
by the methods and compositions of the invention can be
subjected to transesterification to yield biodiesel with lipid
profiles including (a) at least 4% C8-C14; (b) at least 0.3%
C8; (c) at least 2% C10; (d) at least 2% C12; and (3) at least
30% C8-Cl4.

Lipid compositions can be subjected to transesterification
to yield long-chain fatty acid esters useful as biodiesel.
Preferred transesterification reactions are outlined below
and include base catalyzed transesterification and transes-
terification using recombinant lipases. In a base-catalyzed
transesterification process, the triacylglycerides are reacted
with an alcohol, such as methanol or ethanol, in the presence
of an alkaline catalyst, typically potassium hydroxide. This
reaction forms methyl or ethyl esters and glycerin (glycerol)
as a byproduct.

Animal and plant oils are typically made of triglycerides
which are esters of free fatty acids with the trihydric alcohol,
glycerol. In transesterification, the glycerol in a triacylglyc-
eride (TAG) is replaced with a short-chain alcohol such as
methanol or ethanol. A typical reaction scheme is as follows:

cat. base
W RiCOOEt + R,COOEt + R3COOEt + C3H5(0H)

Ethyl esters of fatty acids Glycerol

In this reaction, the alcohol is deprotonated with a base to
make it a stronger nucleophile. Commonly, ethanol or
methanol is used in vast excess (up to 50-fold). Normally,
this reaction will proceed either exceedingly slowly or not at
all. Heat, as well as an acid or base can be used to help the
reaction proceed more quickly. The acid or base are not
consumed by the transesterification reaction, thus they are
not reactants but catalysts. Almost all biodiesel has been
produced using the base-catalyzed technique as it requires
only low temperatures and pressures and produces over 98%
conversion yield (provided the starting oil is low in moisture
and free fatty acids).

Transesterification has also been carried out, as discussed
above, using an enzyme, such as a lipase instead of a base.
Lipase-catalyzed transesterification can be carried out, for
example, at a temperature between the room temperature
and 80° C., and a mole ratio of the TAG to the lower alcohol
of greater than 1:1, preferably about 3:1. Lipases suitable for
use in transesterification include, but are not limited to, those
listed in Table 7. Other examples of lipases useful for
transesterification are found in, e.g. U.S. Pat. Nos. 4,798,
793; 4,940,845 5,156,963; 5,342,768; 5,776,741 and WO89/
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01032. Such lipases include, but are not limited to, lipases
produced by microorganisms of Rhizopus, Aspergillus, Can-
dida, Mucor, Pseudomonas, Rhizomucor, Candida, and
Humicola and pancreas lipase.

TABLE 7

Lipases suitable for use in transesterification.

Aspergillus niger lipase ABG73614, Candida antarctica

lipase B (novozym-435) CAA83122, Candida cylindracea lipase
AAR24090, Candida lipolytica lipase (Lipase L; Amano
Pharmaceutical Co., Ltd.), Candida rugosa lipase (e.g., Lipase-OF;
Meito Sangyo Co., Ltd.), Mucor miehei lipase (Lipozyme IM 20),
Pseudomonas fluorescens lipase AAA25882, Rhizopus japonicas
lipase (Lilipase A-10FG) Q7MA4U7__1, Rhizomucor michei

lipase B34959, Rhizopus oryzae lipase (Lipase F) AAF32408,
Serratia marcescens lipase (SM Enzyme) ABI13521, Thermomyces
lanuginosa lipase CAB58509, Lipase P (Nagase ChemteX Corporation),
and Lipase QLM (Meito Sangyo Co., Ltd., Nagoya, Japan)

One challenge to using a lipase for the production of fatty
acid esters suitable for biodiesel is that the price of lipase is
much higher than the price of sodium hydroxide (NaOH)
used by the strong base process. This challenge has been
addressed by using an immobilized lipase, which can be
recycled. However, the activity of the immobilized lipase
must be maintained after being recycled for a minimum
number of cycles to allow a lipase-based process to compete
with the strong base process in terms of the production cost.
Immobilized lipases are subject to poisoning by the lower
alcohols typically used in transesterification. U.S. Pat. No.
6,398,707 (issued Jun. 4, 2002 to Wu et al.) describes
methods for enhancing the activity of immobilized lipases
and regenerating immobilized lipases having reduced activ-
ity. Some suitable methods include immersing an immobi-
lized lipase in an alcohol having a carbon atom number not
less than 3 for a period of time, preferably from 0.5-48
hours, and more preferably from 0.5-1.5 hours. Some suit-
able methods also include washing a deactivated immobi-
lized lipase with an alcohol having a carbon atom number
not less than 3 and then immersing the deactivated immo-
bilized lipase in a vegetable oil for 0.5-48 hours.

In particular embodiments, a recombinant lipase is
expressed in the same microorganisms that produce the lipid
on which the lipase acts. Suitable recombinant lipases
include those listed above in Table 7 and/or having GenBank
Accession numbers listed above in Table 7, or a polypeptide
that has at least 70% amino acid identity with one of the
lipases listed above in Table 7 and that exhibits lipase
activity. In additional embodiments, the enzymatic activity
is present in a sequence that has at least about 75%, at least
about 80%, at least about 85%, at least about 90%, at least
about 95%, or at least about 99% identity with one of the
above described sequences, all of which are hereby incor-
porated by reference as if fully set forth. DNA encoding the
lipase and selectable marker is preferably codon-optimized
cDNA. Methods of recoding genes for expression in
microalgae are described in U.S. Pat. No. 7,135,290.

The common international standard for biodiesel is EN
14214. ASTM D6751 is the most common biodiesel stan-
dard referenced in the United States and Canada. Germany
uses DIN EN 14214 and the UK requires compliance with
BS EN 14214. Basic industrial tests to determine whether
the products conform to these standards typically include
gas chromatography, HPLC, and others. Biodiesel meeting
the quality standards is very non-toxic, with a toxicity rating
(LDs,) of greater than 50 mL/kg.
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Although biodiesel that meets the ASTM standards has to
be non-toxic, there can be contaminants which tend to
crystallize and/or precipitate and fall out of solution as
sediment. Sediment formation is particularly a problem
when biodiesel is used at lower temperatures. The sediment
or precipitates may cause problems such as decreasing fuel
flow, clogging fuel lines, clogging filters, etc. Processes are
well-known in the art that specifically deal with the removal
of these contaminants and sediments in biodiesel in order to
produce a higher quality product. Examples for such pro-
cesses include, but are not limited to, pretreatment of the oil
to remove contaminants such as phospholipids and free fatty
acids (e.g., degumming, caustic refining and silica adsorbent
filtration) and cold filtration. Cold filtration is a process that
was developed specifically to remove any particulates and
sediments that are present in the biodiesel after production.
This process cools the biodiesel and filters out any sediments
or precipitates that might form when the fuel is used at a
lower temperature. Such a process is well known in the art
and is described in US Patent Application Publication No.
2007-0175091. Suitable methods may include cooling the
biodiesel to a temperature of less than about 38° C. so that
the impurities and contaminants precipitate out as particu-
lates in the biodiesel liquid. Diatomaceous earth or other
filtering material may then added to the cooled biodiesel to
form a slurry, which may then filtered through a pressure
leaf or other type of filter to remove the particulates. The
filtered biodiesel may then be run through a polish filter to
remove any remaining sediments and diatomaceous earth, so
as to produce the final biodiesel product.

Example 14 described the production of biodiesel using
triglyceride oil from Prototheca moriformis. The Cold Soak
Filterability by the ASTM D6751 Al method of the bio-
diesel produced in Example 14 was 120 seconds for a
volume of 300 ml. This test involves filtration of 300 ml of
B100, chilled to 40° F. for 16 hours, allowed to warm to
room temp, and filtered under vacuum using 0.7 micron
glass fiber filter with stainless steel support. Oils of the
invention can be transesterified to generate biodiesel with a
cold soak time of less than 120 seconds, less than 100
seconds, and less than 90 seconds.

Subsequent processes may also be used if the biodiesel
will be used in particularly cold temperatures. Such pro-
cesses include winterization and fractionation. Both pro-
cesses are designed to improve the cold flow and winter
performance of the fuel by lowering the cloud point (the
temperature at which the biodiesel starts to crystallize).
There are several approaches to winterizing biodiesel. One
approach is to blend the biodiesel with petroleum diesel.
Another approach is to use additives that can lower the cloud
point of biodiesel. Another approach is to remove saturated
methyl esters indiscriminately by mixing in additives and
allowing for the crystallization of saturates and then filtering
out the crystals. Fractionation selectively separates methyl
esters into individual components or fractions, allowing for
the removal or inclusion of specific methyl esters. Fraction-
ation methods include urea fractionation, solvent fraction-
ation and thermal distillation.

Another valuable fuel provided by the methods of the
present invention is renewable diesel, which comprises
alkanes, such as C10:0, C12:0, C14:0, C16:0 and C18:0 and
thus, are distinguishable from biodiesel. High quality renew-
able diesel conforms to the ASTM D975 standard. The lipids
produced by the methods of the present invention can serve
as feedstock to produce renewable diesel. Thus, in another
aspect of the present invention, a method for producing
renewable diesel is provided. Renewable diesel can be
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produced by at least three processes: hydrothermal process-
ing (hydrotreating); hydroprocessing; and indirect liquefac-
tion. These processes yield non-ester distillates. During
these processes, triacylglycerides produced and isolated as
described herein, are converted to alkanes.

In one embodiment, the method for producing renewable
diesel comprises (a) cultivating a lipid-containing microor-
ganism using methods disclosed herein (b) lysing the micro-
organism to produce a lysate, (c) isolating lipid from the
lysed microorganism, and (d) deoxygenating and hydrotreat-
ing the lipid to produce an alkane, whereby renewable diesel
is produced. Lipids suitable for manufacturing renewable
diesel can be obtained via extraction from microbial biomass
using an organic solvent such as hexane, or via other
methods, such as those described in U.S. Pat. No. 5,928,696.
Some suitable methods may include mechanical pressing
and centrifuging.

In some methods, the microbial lipid is first cracked in
conjunction with hydrotreating to reduce carbon chain
length and saturate double bonds, respectively. The material
is then isomerized, also in conjunction with hydrotreating.
The naptha fraction can then be removed through distilla-
tion, followed by additional distillation to vaporize and
distill components desired in the diesel fuel to meet an
ASTM D975 standard while leaving components that are
heavier than desired for meeting the D975 standard.
Hydrotreating, hydrocracking, deoxygenation and isomer-
ization methods of chemically modifying oils, including
triglyceride oils, are well known in the art. See for example
European patent applications EP1741768 (Al); EP1741767
(A1); EP1682466 (Al); EP1640437 (Al); EP1681337 (Al);
EP1795576 (Al); and U.S. Pat. Nos. 7,238,277, 6,630,066;
6,596,155, 6,977,322; 7,041,866, 6,217,746; 5,885,440,
6,881,873.

In one embodiment of the method for producing renew-
able diesel, treating the lipid to produce an alkane is per-
formed by hydrotreating of the lipid composition. In hydro-
thermal processing, typically, biomass is reacted in water at
an elevated temperature and pressure to form oils and
residual solids. Conversion temperatures are typically 300°
to 660° F., with pressure sufficient to keep the water pri-
marily as a liquid, 100 to 170 standard atmosphere (atm).
Reaction times are on the order of 15 to 30 minutes. After
the reaction is completed, the organics are separated from
the water. Thereby a distillate suitable for diesel is produced.

In some methods of making renewable diesel, the first
step of treating a triglyceride is hydroprocessing to saturate
double bonds, followed by deoxygenation at elevated tem-
perature in the presence of hydrogen and a catalyst. In some
methods, hydrogenation and deoxygenation occur in the
same reaction. In other methods deoxygenation occurs
before hydrogenation. Isomerization is then optionally per-
formed, also in the presence of hydrogen and a catalyst.
Naphtha components are preferably removed through dis-
tillation. For examples, see U.S. Pat. No. 5,475,160 (hydro-
genation of triglycerides); U.S. Pat. No. 5,091,116 (deoxy-
genation, hydrogenation and gas removal); U.S. Pat. No.
6,391,815 (hydrogenation); and U.S. Pat. No. 5,888,947
(isomerization).

One suitable method for the hydrogenation of triglycer-
ides includes preparing an aqueous solution of copper, zinc,
magnesium and lanthanum salts and another solution of
alkali metal or preferably, ammonium carbonate. The two
solutions may be heated to a temperature of about 20° C. to
about 85° C. and metered together into a precipitation
container at rates such that the pH in the precipitation
container is maintained between 5.5 and 7.5 in order to form
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a catalyst. Additional water may be used either initially in
the precipitation container or added concurrently with the
salt solution and precipitation solution. The resulting pre-
cipitate may then be thoroughly washed, dried, calcined at
about 300° C. and activated in hydrogen at temperatures
ranging from about 100° C. to about 400° C. One or more
triglycerides may then be contacted and reacted with hydro-
gen in the presence of the above-described catalyst in a
reactor. The reactor may be a trickle bed reactor, fixed bed
gas-solid reactor, packed bubble column reactor, continu-
ously stirred tank reactor, a slurry phase reactor, or any other
suitable reactor type known in the art. The process may be
carried out either batchwise or in continuous fashion. Reac-
tion temperatures are typically in the range of from about
170° C. to about 250° C. while reaction pressures are
typically in the range of from about 300 psig to about 2000
psig. Moreover, the molar ratio of hydrogen to triglyceride
in the process of the present invention is typically in the
range of from about 20:1 to about 700:1. The process is
typically carried out at a weight hourly space velocity
(WHSV) in the range of from about 0.1 hr™! to about 5 hr™*.
One skilled in the art will recognize that the time period
required for reaction will vary according to the temperature
used, the molar ratio of hydrogen to triglyceride, and the
partial pressure of hydrogen. The products produced by the
such hydrogenation processes include fatty alcohols, glyc-
erol, traces of paraffins and unreacted triglycerides. These
products are typically separated by conventional means such
as, for example, distillation, extraction, filtration, crystalli-
zation, and the like.

Petroleum refiners use hydroprocessing to remove impu-
rities by treating feeds with hydrogen. Hydroprocessing
conversion temperatures are typically 300° to 700° F. Pres-
sures are typically 40 to 100 atm. The reaction times are
typically on the order of 10 to 60 minutes. Solid catalysts are
employed to increase certain reaction rates, improve selec-
tivity for certain products, and optimize hydrogen consump-
tion.

Suitable methods for the deoxygenation of an oil includes
heating an oil to a temperature in the range of from about
350° F. to about 550° F. and continuously contacting the
heated oil with nitrogen under at least pressure ranging from
about atmospeheric to above for at least about 5 minutes.

Suitable methods for isomerization includes using alkali
isomerization and other oil isomerization known in the art.

Hydrotreating and hydroprocessing ultimately lead to a
reduction in the molecular weight of the triglyceride feed.
The triglyceride molecule is reduced to four hydrocarbon
molecules under hydroprocessing conditions: a propane
molecule and three heavier hydrocarbon molecules, typi-
cally in the C8 to C18 range.

Thus, in one embodiment, the product of one or more
chemical reaction(s) performed on lipid compositions of the
invention is an alkane mixture that comprises ASTM D975
renewable diesel. Production of hydrocarbons by microor-
ganisms is reviewed by Metzger et al. Appl Microbiol
Biotechnol (2005) 66: 486-496 and A Look Back at the U.S.
Department of Energy’s Aquatic Species Program: Bio-
diesel from Algae, NREL/TP-580-24190, John Shechan,
Terri Dunahay, John Benemann and Paul Roessler (1998).

The distillation properties of a diesel fuel is described in
terms of T10-T90 (temperature at 10% and 90%, respec-
tively, volume distilled). Renewable diesel was produced
from Prototheca moriformis triglyceride oil and is described
in Example 14. The T10-T90 of the material produced in
Example 14 was 57.9° C. Methods of hydrotreating, isomer-
ization, and other covalent modification of oils disclosed
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herein, as well as methods of distillation and fractionation
(such as cold filtration) disclosed herein, can be employed to
generate renewable diesel compositions with other T10-T90
ranges, such as 20, 25, 30, 35, 40, 45, 50, 60 and 65° C. using
triglyceride oils produced according to the methods dis-
closed herein.

The T10 of the material produced in Example 14 was
242.1° C. Methods of hydrotreating, isomerization, and
other covalent modification of oils disclosed herein, as well
as methods of distillation and fractionation (such as cold
filtration) disclosed herein, can be employed to generate
renewable diesel compositions with other T10 values, such
as T10 between 180 and 295, between 190 and 270, between
210 and 250, between 225 and 245, and at least 290.

The T90 of the material produced in Example 14 was 300°
C. Methods of hydrotreating, isomerization, and other cova-
lent modification of oils disclosed herein, as well as methods
of distillation and fractionation (such as cold filtration)
disclosed herein can be employed to generate renewable
diesel compositions with other T90 values, such as T90
between 280 and 380, between 290 and 360, between 300
and 350, between 310 and 340, and at least 290.

The FBP of the material produced in Example 14 was
300° C. Methods of hydrotreating, isomerization, and other
covalent modification of oils disclosed herein, as well as
methods of distillation and fractionation (such as cold fil-
tration) disclosed herein, can be employed to generate
renewable diesel compositions with other FBP values, such
as FBP between 290 and 400, between 300 and 385, between
310 and 370, between 315 and 360, and at least 300.

Other oils provided by the methods and compositions of
the invention can be subjected to combinations of
hydrotreating, isomerization, and other covalent modifica-
tion including oils with lipid profiles including (a) at least
4% C8-C14; (b) at least 0.3% CS8; (c) at least 2% C10; (d)
at least 2% C12; and (3) at least 30% C8-C14.

A traditional ultra-low sulfur diesel can be produced from
any form of biomass by a two-step process. First, the
biomass is converted to a syngas, a gaseous mixture rich in
hydrogen and carbon monoxide. Then, the syngas is cata-
Iytically converted to liquids. Typically, the production of
liquids is accomplished using Fischer-Tropsch (FT) synthe-
sis. This technology applies to coal, natural gas, and heavy
oils. Thus, in yet another preferred embodiment of the
method for producing renewable diesel, treating the lipid
composition to produce an alkane is performed by indirect
liquefaction of the lipid composition.

The present invention also provides methods to produce
jet fuel. Jet fuel is clear to straw colored. The most common
fuel is an unleaded/paraffin oil-based fuel classified as
Aeroplane A-1, which is produced to an internationally
standardized set of specifications. Jet fuel is a mixture of a
large number of different hydrocarbons, possibly as many as
a thousand or more. The range of their sizes (molecular
weights or carbon numbers) is restricted by the requirements
for the product, for example, freezing point or smoke point.
Kerosone-type Aeroplane fuel (including Jet A and Jet A-1)
has a carbon number distribution between about 8 and 16
carbon numbers. Wide-cut or naphta-type Aeroplane fuel
(including Jet B) typically has a carbon number distribution
between about 5 and 15 carbons.

Both Aeroplanes (Jet A and Jet B) may contain a number
of additives. Useful additives include, but are not limited to,
antioxidants, antistatic agents, corrosion inhibitors, and fuel
system icing inhibitor (FSII) agents. Antioxidants prevent
gumming and usually, are based on alkylated phenols, for
example, AO-30, AO-31, or AO-37. Antistatic agents dissi-
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pate static electricity and prevent sparking. Stadis 450 with
dinonylnaphthylsulfonic acid (DINNSA) as the active ingre-
dient, is an example. Corrosion inhibitors, e.g., DCI-4A is
used for civilian and military fuels and DCI-6A is used for
military fuels. FSII agents, include, e.g., Di-EGME.

In one embodiment of the invention, a jet fuel is produced
by blending algal fuels with existing jet fuel. The lipids
produced by the methods of the present invention can serve
as feedstock to produce jet fuel. Thus, in another aspect of
the present invention, a method for producing jet fuel is
provided. Herewith two methods for producing jet fuel from
the lipids produced by the methods of the present invention
are provided: fluid catalytic cracking (FCC); and hydrode-
oxygenation (HDO).

Fluid Catalytic Cracking (FCC) is one method which is
used to produce olefins, especially propylene from heavy
crude fractions. The lipids produced by the method of the
present invention can be converted to olefins. The process
involves flowing the lipids produced through an FCC zone
and collecting a product stream comprised of olefins, which
is useful as a jet fuel. The lipids produced are contacted with
a cracking catalyst at cracking conditions to provide a
product stream comprising olefins and hydrocarbons useful
as jet fuel.

In one embodiment, the method for producing jet fuel
comprises (a) cultivating a lipid-containing microorganism
using methods disclosed herein, (b) lysing the lipid-contain-
ing microorganism to produce a lysate, (c) isolating lipid
from the lysate, and (d) treating the lipid composition,
whereby jet fuel is produced. In one embodiment of the
method for producing a jet fuel, the lipid composition can be
flowed through a fluid catalytic cracking zone, which, in one
embodiment, may comprise contacting the lipid composition
with a cracking catalyst at cracking conditions to provide a
product stream comprising C,-Cs olefins.

In certain embodiments of this method, it may be desir-
able to remove any contaminants that may be present in the
lipid composition. Thus, prior to flowing the lipid compo-
sition through a fluid catalytic cracking zone, the lipid
composition is pretreated. Pretreatment may involve con-
tacting the lipid composition with an ion-exchange resin.
The ion exchange resin is an acidic ion exchange resin, such
as Amberlyst™-15 and can be used as a bed in a reactor
through which the lipid composition is flowed, either upflow
or downflow. Other pretreatments may include mild acid
washes by contacting the lipid composition with an acid,
such as sulfuric, acetic, nitric, or hydrochloric acid. Con-
tacting is done with a dilute acid solution usually at ambient
temperature and atmospheric pressure.

The lipid composition, optionally pretreated, is flowed to
an FCC zone where the hydrocarbonaceous components are
cracked to olefins. Catalytic cracking is accomplished by
contacting the lipid composition in a reaction zone with a
catalyst composed of finely divided particulate material. The
reaction is catalytic cracking, as opposed to hydrocracking,
and is carried out in the absence of added hydrogen or the
consumption of hydrogen. As the cracking reaction pro-
ceeds, substantial amounts of coke are deposited on the
catalyst. The catalyst is regenerated at high temperatures by
burning coke from the catalyst in a regeneration zone.
Coke-containing catalyst, referred to herein as “coked cata-
lyst”, is continually transported from the reaction zone to the
regeneration zone to be regenerated and replaced by essen-
tially coke-free regenerated catalyst from the regeneration
zone. Fluidization of the catalyst particles by various gas-
eous streams allows the transport of catalyst between the
reaction zone and regeneration zone. Methods for cracking
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hydrocarbons, such as those of the lipid composition
described herein, in a fluidized stream of catalyst, transport-
ing catalyst between reaction and regeneration zones, and
combusting coke in the regenerator are well known by those
skilled in the art of FCC processes. Exemplary FCC appli-
cations and catalysts useful for cracking the lipid composi-
tion to produce C,-C; olefins are described in U.S. Pat. Nos.
6,538,169, 7,288,685, which are incorporated in their
entirety by reference.

Suitable FCC catalysts generally comprise at least two
components that may or may not be on the same matrix. In
some embodiments, both two components may be circulated
throughout the entire reaction vessel. The first component
generally includes any of the well-known catalysts that are
used in the art of fluidized catalytic cracking, such as an
active amorphous clay-type catalyst and/or a high activity,
crystalline molecular sieve. Molecular sieve catalysts may
be preferred over amorphous catalysts because of their
much-improved selectivity to desired products. IN some
preferred embodiments, zeolites may be used as the molecu-
lar sieve in the FCC processes. Preferably, the first catalyst
component comprises a large pore zeolite, such as an Y-type
zeolite, an active alumina material, a binder material, com-
prising either silica or alumina and an inert filler such as
kaolin.

In one embodiment, cracking the lipid composition of the
present invention, takes place in the riser section or, alter-
natively, the lift section, of the FCC zone. The lipid com-
position is introduced into the riser by a nozzle resulting in
the rapid vaporization of the lipid composition. Before
contacting the catalyst, the lipid composition will ordinarily
have a temperature of about 149° C. to about 316° C. (300°
F. to 600° F.). The catalyst is flowed from a blending vessel
to the riser where it contacts the lipid composition for a time
of abort 2 seconds or less.

The blended catalyst and reacted lipid composition vapors
are then discharged from the top of the riser through an
outlet and separated into a cracked product vapor stream
including olefins and a collection of catalyst particles cov-
ered with substantial quantities of coke and generally
referred to as “coked catalyst.” In an effort to minimize the
contact time of the lipid composition and the catalyst which
may promote further conversion of desired products to
undesirable other products, any arrangement of separators
such as a swirl arm arrangement can be used to remove
coked catalyst from the product stream quickly. The sepa-
rator, e.g. swirl arm separator, is located in an upper portion
of a chamber with a stripping zone situated in the lower
portion of the chamber. Catalyst separated by the swirl arm
arrangement drops down into the stripping zone. The
cracked product vapor stream comprising cracked hydrocar-
bons including light olefins and some catalyst exit the
chamber via a conduit which is in communication with
cyclones. The cyclones remove remaining catalyst particles
from the product vapor stream to reduce particle concentra-
tions to very low levels. The product vapor stream then exits
the top of the separating vessel. Catalyst separated by the
cyclones is returned to the separating vessel and then to the
stripping zone. The stripping zone removes adsorbed hydro-
carbons from the surface of the catalyst by counter-current
contact with steam.

Low hydrocarbon partial pressure operates to favor the
production of light olefins. Accordingly, the riser pressure is
set at about 172 to 241 kPa (25 to 35 psia) with a hydro-
carbon partial pressure of about 35 to 172 kPa (5 to 25 psia),
with a preferred hydrocarbon partial pressure of about 69 to
138 kPa (10 to 20 psia). This relatively low partial pressure
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for hydrocarbon is achieved by using steam as a diluent to
the extent that the diluent is 10 to 55 wt-% of lipid
composition and preferably about 15 wt-% of lipid compo-
sition. Other diluents such as dry gas can be used to reach
equivalent hydrocarbon partial pressures.

The temperature of the cracked stream at the riser outlet
will be about 510° C. to 621° C. (950° F. to 1150° F.).
However, riser outlet temperatures above 566° C. (1050° E.)
make more dry gas and more olefins. Whereas, riser outlet
temperatures below 566° C. (1050° F.) make less ethylene
and propylene. Accordingly, it is preferred to run the FCC
process at a preferred temperature of about 566° C. to about
630° C., preferred pressure of about 138 kPa to about 240
kPa (20 to 35 psia). Another condition for the process is the
catalyst to lipid composition ratio which can vary from
about 5 to about 20 and preferably from about 10 to about
15.

In one embodiment of the method for producing a jet fuel,
the lipid composition is introduced into the lift section of an
FCC reactor. The temperature in the lift section will be very
hot and range from about 700° C. (1292° F.) to about 760°
C. (1400° F.) with a catalyst to lipid composition ratio of
about 100 to about 150. It is anticipated that introducing the
lipid composition into the lift section will produce consid-
erable amounts of propylene and ethylene.

In another embodiment of the method for producing a jet
fuel using the lipid composition or the lipids produced as
described herein, the structure of the lipid composition or the
lipids is broken by a process referred to as hydrodeoxygen-
ation (HDO). HDO means removal of oxygen by means of
hydrogen, that is, oxygen is removed while breaking the
structure of the material. Olefinic double bonds are hydro-
genated and any sulphur and nitrogen compounds are
removed. Sulphur removal is called hydrodesulphurization
(HDS). Pretreatment and purity of the raw materials (lipid
composition or the lipids) contribute to the service life of the
catalyst.

Generally in the HDO/HDS step, hydrogen is mixed with
the feed stock (lipid composition or the lipids) and then the
mixture is passed through a catalyst bed as a co-current flow,
either as a single phase or a two phase feed stock. After the
HDO/MDS step, the product fraction is separated and
passed to a separate isomerzation reactor. An isomerization
reactor for biological starting material is described in the
literature (FI 100 248) as a co-current reactor.

The process for producing a fuel by hydrogenating a
hydrocarbon feed, e.g., the lipid composition or the lipids
herein, can also be performed by passing the lipid compo-
sition or the lipids as a co-current flow with hydrogen gas
through a first hydrogenation zone, and thereafter the hydro-
carbon effluent is further hydrogenated in a second hydro-
genation zone by passing hydrogen gas to the second
hydrogenation zone as a counter-current flow relative to the
hydrocarbon effluent. Exemplary HDO applications and
catalysts useful for cracking the lipid composition to pro-
duce C,-C; olefins are described in U.S. Pat. No. 7,232,935,
which is incorporated in its entirety by reference.

Typically, in the hydrodeoxygenation step, the structure of
the biological component, such as the lipid composition or
lipids herein, is decomposed, oxygen, nitrogen, phosphorus
and sulphur compounds, and light hydrocarbons as gas are
removed, and the olefinic bonds are hydrogenated. In the
second step of the process, i.e. in the so-called isomerization
step, isomerzation is carried out for branching the hydro-
carbon chain and improving the performance of the paraffin
at low temperatures.
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In the first step, i.e. HDO step, of the cracking process,
hydrogen gas and the lipid composition or lipids herein
which are to be hydrogenated are passed to a HDO catalyst
bed system either as co-current or counter-current flows,
said catalyst bed system comprising one or more catalyst
bed(s), preferably 1-3 catalyst beds. The HDO step is
typically operated in a co-current manner. In case of a HDO
catalyst bed system comprising two or more catalyst beds,
one or more of the beds may be operated using the counter-
current flow principle. In the HDO step, the pressure varies
between 20 and 150 bar, preferably between 50 and 100 bar,
and the temperature varies between 200 and 500° C., pref-
erably in the range of 300-400° C. In the HDO step, known
hydrogenation catalysts containing metals from Group VII
and/or VIB of the Periodic System may be used. Preferably,
the hydrogenation catalysts are supported Pd, Pt, Ni, NiMo
or a CoMo catalysts, the support being alumina and/or silica.
Typically, NiMo/Al,O; and CoMo/Al,Oj; catalysts are used.

Prior to the HDO step, the lipid composition or lipids
herein may optionally be treated by prehydrogenation under
milder conditions thus avoiding side reactions of the double
bonds. Such prehydrogenation is carried out in the presence
of a prehydrogenation catalyst at temperatures of 50 400° C.
and at hydrogen pressures of 1 200 bar, preferably at a
temperature between 150 and 250° C. and at a hydrogen
pressure between 10 and 100 bar. The catalyst may contain
metals from Group VIII and/or VIE of the Periodic System.
Preferably, the prehydrogenation catalyst is a supported Pd,
Pt, Ni, NiMo or a CoMo catalyst, the support being alumina
and/or silica.

A gaseous stream from the HDO step containing hydro-
gen is cooled and then carbon monoxide, carbon dioxide,
nitrogen, phosphorus and sulphur compounds, gaseous light
hydrocarbons and other impurities are removed therefrom.
After compressing, the purified hydrogen or recycled hydro-
gen is returned back to the first catalyst bed and/or between
the catalyst beds to make up for the withdrawn gas stream.
Water is removed from the condensed liquid. The liquid is
passed to the first catalyst bed or between the catalyst beds.

After the HDO step, the product is subjected to an
isomerization step. It is substantial for the process that the
impurities are removed as completely as possible before the
hydrocarbons are contacted with the isomerization catalyst.
The isomerization step comprises an optional stripping step,
wherein the reaction product from the HDO step may be
purified by stripping with water vapour or a suitable gas such
as light hydrocarbon, nitrogen or hydrogen. The optional
stripping step is carried out in counter-current manner in a
unit upstream of the isomerization catalyst, wherein the gas
and liquid are contacted with each other, or before the actual
isomerization reactor in a separate stripping unit utilizing
counter-current principle.

After the stripping step the hydrogen gas and the hydro-
genated lipid composition or lipids herein, and optionally an
n-paraffin mixture, are passed to a reactive isomerization
unit comprising one or several catalyst bed(s). The catalyst
beds of the isomerization step may operate either in co-
current or counter-current manner.

It is important for the process that the counter-current flow
principle is applied in the isomerization step. In the isomer-
ization step this is done by carrying out either the optional
stripping step or the isomerization reaction step or both in
counter-current manner. In the isomerzation step, the pres-
sure varies in the range of 20 150 bar, preferably in the range
of 20 100 bar, the temperature being between 200 and 500°
C., preferably between 300 and 400° C. In the isomerization
step, isomerization catalysts known in the art may be used.
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Suitable isomerization catalysts contain molecular sieve
and/or a metal from Group VII and/or a carrier. Preferably,
the isomerization catalyst contains SAPO-11 or SAPO41 or
ZSM-22 or ZSM-23 or ferrierite and Pt, Pd or Ni and Al,O;
or Si0,. Typical isomerization catalysts are, for example,
Pt/SAPO-11/A1,0,, P/ZSM-22/A1,0,, P/ZSM-23/A1,0,
and P/SAPO-11/Si0,. The isomerization step and the HDO
step may be carried out in the same pressure vessel or in
separate pressure vessels. Optional prehydrogenation may
be carried out in a separate pressure vessel or in the same
pressure vessel as the HDO and isomerization steps.

Thus, in one embodiment, the product of the one or more
chemical reactions is an alkane mixture that comprises
ASTM D1655 jet fuel. In some embodiments, the compo-
sition conforming to the specification of ASTM 1655 jet fuel
has a sulfur content that is less than 10 ppm. In other
embodiments, the composition conforming to the specifica-
tion of ASTM 1655 jet fuel has a T10 value of the distillation
curve of less than 205° C. In another embodiment, the
composition conforming to the specification of ASTM 1655
jet fuel has a final boiling point (FBP) of less than 300° C.
In another embodiment, the composition conforming to the
specification of ASTM 1655 jet fuel has a flash point of at
least 38° C. In another embodiment, the composition con-
forming to the specification of ASTM 1655 jet fuel has a
density between 775K/M> and 840K/M?. In yet another
embodiment, the composition conforming to the specifica-
tion of ASTM 1655 jet fuel has a freezing point that is below
-47° C. In another embodiment, the composition conform-
ing to the specification of ASTM 1655 jet fuel has a net Heat
of Combustion that is at least 42.8 MJ/K. In another embodi-
ment, the composition conforming to the specification of
ASTM 1655 jet fuel has a hydrogen content that is at least
13.4 mass %. In another embodiment, the composition
conforming to the specification of ASTM 1655 jet fuel has
a thermal stability, as tested by quantitative gravimetric
JFTOT at 260° C., that is below 3 mm of Hg. In another
embodiment, the composition conforming to the specifica-
tion of ASTM 1655 jet fuel has an existent gum that is below
7 mg/dl

Thus, the present invention discloses a variety of methods
in which chemical modification of microalgal lipid is under-
taken to yield products useful in a variety of industrial and
other applications. Examples of processes for modifying oil
produced by the methods disclosed herein include, but are
not limited to, hydrolysis of the oil, hydroprocessing of the
oil, and esterification of the oil. The modification of the
microalgal oil produces basic oleochemicals that can be
further modified into selected derivative oleochemicals for a
desired function. In a manner similar to that described above
with reference to fuel producing processes, these chemical
modifications can also be performed on oils generated from
the microbial cultures described herein. Examples of basic
oleochemicals include, but are not limited to, soaps, fatty
acids, fatty acid methyl esters, and glycerol. Examples of
derivative oleochemicals include, but are not limited to, fatty
nitriles, esters, dimer acids, quats, surfactants, fatty alkano-
lamides, fatty alcohol sulfates, resins, emulsifiers, fatty
alcohols, olefins, and higher alkanes.

Hydrolysis of the fatty acid constituents from the glyc-
erolipids produced by the methods of the invention yields
free fatty acids that can be derivatized to produce other
useful chemicals. Hydrolysis occurs in the presence of water
and a catalyst which may be either an acid or a base. The
liberated free fatty acids can be derivatized to yield a variety
of products, as reported in the following: U.S. Pat. No.
5,304,664 (Highly sulfated fatty acids); U.S. Pat. No. 7,262,
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158 (Cleansing compositions); U.S. Pat. No. 7,115,173
(Fabric softener compositions); U.S. Pat. No. 6,342,208
(Emulsions for treating skin); U.S. Pat. No. 7,264,886
(Water repellant compositions); U.S. Pat. No. 6,924,333
(Paint additives); U.S. Pat. No. 6,596,768 (Lipid-enriched
ruminant feedstock); and U.S. Pat. No. 6,380,410 (Surfac-
tants for detergents and cleaners).

With regard to hydrolysis, in one embodiment of the
invention, a triglyceride oil is optionally first hydrolyzed in
a liquid medium such as water or sodium hydroxide so as to
obtain glycerol and soaps. There are various suitable tri-
glyceride hydrolysis methods, including, but not limited to,
saponification, acid hydrolysis, alkaline hydrolysis, enzy-
matic hydrolysis (referred herein as splitting), and hydroly-
sis using hot-compressed water. One skilled in the art will
recognize that a triglyceride oil need not be hydrolyzed in
order to produce an oleochemical; rather, the oil may be
converted directly to the desired oleochemical by other
known process. For example, the triglyceride oil may be
directly converted to a methyl ester fatty acid through
esterification.

In some embodiments, catalytic hydrolysis of the oil
produced by methods disclosed herein occurs by splitting
the oil into glycerol and fatty acids. As discussed above, the
fatty acids may then be further processed through several
other modifications to obtained derivative oleochemicals.
For example, in one embodiment the fatty acids may
undergo an amination reaction to produce fatty nitrogen
compounds. In another embodiment, the fatty acids may
undergo ozonolysis to produce mono- and dibasic-acids.

In other embodiments hydrolysis may occur via the,
splitting of oils produced herein to create oleochemicals. In
some preferred embodiments of the invention, a triglyceride
oil may be split before other processes is performed. One
skilled in the art will recognize that there are many suitable
triglyceride splitting methods, including, but not limited to,
enzymatic splitting and pressure splitting.

Generally, enzymatic oil splitting methods use enzymes,
lipases, as biocatalysts acting on a water/oil mixture. Enzy-
matic splitting then splits the oil or fat, respectively, is into
glycerol and free fatty acids. The glycerol may then migrates
into the water phase whereas the organic phase enriches with
free fatty acids.

The enzymatic splitting reactions generally take place at
the phase boundary between organic and aqueous phase,
where the enzyme is present only at the phase boundary.
Triglycerides that meet the phase boundary then contribute
to or participate in the splitting reaction. As the reaction
proceeds, the occupation density or concentration of fatty
acids still chemically bonded as glycerides, in comparison to
free fatty acids, decreases at the phase boundary so that the
reaction is slowed down. In certain embodiments, enzymatic
splitting may occur at room temperature. One of ordinary
skill in the art would know the suitable conditions for
splitting oil into the desired fatty acids.

By way of example, the reaction speed can be accelerated
by increasing the interface boundary surface. Once the
reaction is complete, free fatty acids are then separated from
the organic phase freed from enzyme, and the residue which
still contains fatty acids chemically bonded as glycerides is
fed back or recycled and mixed with fresh oil or fat to be
subjected to splitting. In this manner, recycled glycerides are
then subjected to a further enzymatic splitting process. In
some embodiments, the free fatty acids are extracted from an
oil or fat partially split in such a manner. In that way, if the
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chemically bound fatty acids (triglycerides) are returned or
fed back into the splitting process, the enzyme consumption
can be drastically reduced.

The splitting degree is determined as the ratio of the
measured acid value divided by the theoretically possible
acid value which can be computed for a given oil or fat.
Preferably, the acid value is measured by means of titration
according to standard common methods. Alternatively, the
density of the aqueous glycerol phase can be taken as a
measure for the splitting degree.

In one embodiment, the slitting process as described
herein is also suitable for splitting the mono-, di- and
triglyceride that are contained in the so-called soap-stock
from the alkali refining processes of the produced oils. In
this manner, the soap-stock can be quantitatively converted
without prior saponification of the neutral oils into the fatty
acids. For this purpose, the fatty acids being chemically
bonded in the soaps are released, preferably before splitting,
through an addition of acid. In certain embodiments, a buffer
solution is used in addition to water and enzyme for the
splitting process.

In one embodiment, oils produced in accordance with the
methods of the invention can also be subjected to saponifi-
cation as a method of hydrolysis. Animal and plant oils are
typically made of triacylglycerols (TAGs), which are esters
of fatty acids with the trihydric alcohol, glycerol. In an
alkaline hydrolysis reaction, the glycerol in a TAG is
removed, leaving three carboxylic acid anions that can
associate with alkali metal cations such as sodium or potas-
sium to produce fatty acid salts. In this scheme, the carbox-
ylic acid constituents are cleaved from the glycerol moiety
and replaced with hydroxyl groups. The quantity of base
(e.g., KOH) that is used in the reaction is determined by the
desired degree of saponification. If the objective is, for
example, to produce a soap product that comprises some of
the oils originally present in the TAG composition, an
amount of base insufficient to convert all of the TAGs to
fatty acid salts is introduced into the reaction mixture.
Normally, this reaction is performed in an aqueous solution
and proceeds slowly, but may be expedited by the addition
of heat. Precipitation of the fatty acid salts can be facilitated
by addition of salts, such as water-soluble alkali metal
halides (e.g., NaCl or KCl), to the reaction mixture. Pref-
erably, the base is an alkali metal hydroxide, such as NaOH
or KOH. Alternatively, other bases, such as alkanolamines,
including for example triethanolamine and aminomethyl-
propanol, can be used in the reaction scheme. In some cases,
these alternatives may be preferred to produce a clear soap
product.

In some methods, the first step of chemical modification
may be hydroprocessing to saturate double bonds, followed
by deoxygenation at elevated temperature in the presence of
hydrogen and a catalyst. In other methods, hydrogenation
and deoxygenation may occur in the same reaction. In still
other methods deoxygenation occurs before hydrogenation.
Isomerization may then be optionally performed, also in the
presence of hydrogen and a catalyst. Finally, gases and
naphtha components can be removed if desired. For
example, see U.S. Pat. No. 5,475,160 (hydrogenation of
triglycerides); U.S. Pat. No. 5,091,116 (deoxygenation,
hydrogenation and gas removal); U.S. Pat. No. 6,391,815
(hydrogenation); and U.S. Pat. No. 5,888,947 (isomeriza-
tion).

In some embodiments of the invention, the triglyceride
oils are partially or completely deoxygenated. The deoxy-
genation reactions form desired products, including, but not
limited to, fatty acids, fatty alcohols, polyols, ketones, and



US 9,464,304 B2

63

aldehydes. In general, without being limited by any particu-
lar theory, the deoxygenation reactions involve a combina-
tion of various different reaction pathways, including with-
out limitation: hydrogenolysis, hydrogenation, consecutive
hydrogenation-hydrogenolysis, consecutive hydrogenoly-
sis-hydrogenation, and combined hydrogenation-hydrog-
enolysis reactions, resulting in at least the partial removal of
oxygen from the fatty acid or fatty acid ester to produce
reaction products, such as fatty alcohols, that can be easily
converted to the desired chemicals by further processing.
For example, in one embodiment, a fatty alcohol may be
converted to olefins through FCC reaction or to higher
alkanes through a condensation reaction.

One such chemical modification is hydrogenation, which
is the addition of hydrogen to double bonds in the fatty acid
constituents of glycerolipids or of free fatty acids. The
hydrogenation process permits the transformation of liquid
oils into semi-solid or solid fats, which may be more suitable
for specific applications.

Hydrogenation of 0il produced by the methods described
herein can be performed in conjunction with one or more of
the methods and/or materials provided herein, as reported in
the following: U.S. Pat. No. 7,288,278 (Food additives or
medicaments); U.S. Pat. No. 5,346,724 (Lubrication prod-
ucts); U.S. Pat. No. 5,475,160 (Fatty alcohols); U.S. Pat. No.
5,091,116 (Edible oils); U.S. Pat. No. 6,808,737 (Structural
fats for margarine and spreads); U.S. Pat. No. 5,298,637
(Reduced-calorie fat substitutes); U.S. Pat. No. 6,391,815
(Hydrogenation catalyst and sulfur adsorbent); U.S. Pat.
Nos. 5,233,099 and 5,233,100 (Fatty alcohols); U.S. Pat.
No. 4,584,139 (Hydrogenation catalysts); U.S. Pat. No.
6,057,375 (Foam suppressing agents); and U.S. Pat. No.
7,118,773 (Edible emulsion spreads).

One skilled in the art will recognize that various processes
may be used to hydrogenate carbohydrates. One suitable
method includes contacting the carbohydrate with hydrogen
or hydrogen mixed with a suitable gas and a catalyst under
conditions sufficient in a hydrogenation reactor to form a
hydrogenated product. The hydrogenation catalyst generally
can include Cu, Re, Ni, Fe, Co, Ru, Pd, Rh, Pt, Os, Ir, and
alloys or any combination thercof, either alone or with
promoters such as W, Mo, Au, Ag, Cr, Zn, Mn, Sn, B, P, Bi,
and alloys or any combination thereof. Other effective
hydrogenation catalyst materials include either supported
nickel or ruthenium modified with rhenium. In an embodi-
ment, the hydrogenation catalyst also includes any one of the
supports, depending on the desired functionality of the
catalyst. The hydrogenation catalysts may be prepared by
methods known to those of ordinary skill in the art.

In some embodiments the hydrogenation catalyst includes
a supported Group VIII metal catalyst and a metal sponge
material (e.g., a sponge nickel catalyst). Raney nickel pro-
vides an example of an activated sponge nickel catalyst
suitable for use in this invention. In other embodiment, the
hydrogenation reaction in the invention is performed using
a catalyst comprising a nickel-rhenium catalyst or a tung-
sten-modified nickel catalyst. One example of a suitable
catalyst for the hydrogenation reaction of the invention is a
carbon-supported nickel-rhenium catalyst.

In an embodiment, a suitable Raney nickel catalyst may
be prepared by treating an alloy of approximately equal
amounts by weight of nickel and aluminum with an aqueous
alkali solution, e.g., containing about 25 weight % of sodium
hydroxide. The aluminum is selectively dissolved by the
aqueous alkali solution resulting in a sponge shaped material
comprising mostly nickel with minor amounts of aluminum.
The initial alloy includes promoter metals (i.e., molybdenum
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or chromium) in the amount such that about 1 to 2 weight %
remains in the formed sponge nickel catalyst. In another
embodiment, the hydrogenation catalyst is prepared using a
solution of ruthenium (III) nitrosylnitrate, ruthenium (II1)
chloride in water to impregnate a suitable support material.
The solution is then dried to form a solid having a water
content of less than about 1% by weight. The solid may then
be reduced at atmospheric pressure in a hydrogen stream at
300° C. (uncalcined) or 400° C. (calcined) in a rotary ball
furnace for 4 hours. After cooling and rendering the catalyst
inert with nitrogen, 5% by volume of oxygen in nitrogen is
passed over the catalyst for 2 hours.

In certain embodiments, the catalyst described includes a
catalyst support. The catalyst support stabilizes and supports
the catalyst. The type of catalyst support used depends on the
chosen catalyst and the reaction conditions. Suitable sup-
ports for the invention include, but are not limited to, carbon,
silica, silica-alumina, zirconia, titania, ceria, vanadia,
nitride, boron nitride, heteropolyacids, hydroxyapatite, zinc
oxide, chromia, zeolites, carbon nanotubes, carbon fullerene
and any combination thereof.

The catalysts used in this invention can be prepared using
conventional methods known to those in the art. Suitable
methods may include, but are not limited to, incipient
wetting, evaporative impregnation, chemical vapor deposi-
tion, wash-coating, magnetron sputtering techniques, and
the like.

The conditions for which to carry out the hydrogenation
reaction will vary based on the type of starting material and
the desired products. One of ordinary skill in the art, with the
benefit of this disclosure, will recognize the appropriate
reaction conditions. In general, the hydrogenation reaction is
conducted at temperatures of 80° C. to 250° C., and pref-
erably at 90° C. to 200° C., and most preferably at 100° C.
to 150° C. In some embodiments, the hydrogenation reaction
is conducted at pressures from 500 KPa to 14000 KPa.

The hydrogen used in the hydrogenolysis reaction of the
current invention may include external hydrogen, recycled
hydrogen, in situ generated hydrogen, and any combination
thereof. As used herein, the term “external hydrogen” refers
to hydrogen that does not originate from the biomass reac-
tion itself, but rather is added to the system from another
source.

In some embodiments of the invention, it is desirable to
convert the starting carbohydrate to a smaller molecule that
will be more readily converted to desired higher hydrocar-
bons. One suitable method for this conversion is through a
hydrogenolysis reaction. Various processes are known for
performing hydrogenolysis of carbohydrates. One suitable
method includes contacting a carbohydrate with hydrogen or
hydrogen mixed with a suitable gas and a hydrogenolysis
catalyst in a hydrogenolysis reactor under conditions suffi-
cient to form a reaction product comprising smaller mol-
ecules or polyols. As used herein, the term “smaller mol-
ecules or polyols” includes any molecule that has a smaller
molecular weight, which can include a smaller number of
carbon atoms or oxygen atoms than the starting carbohy-
drate. In an embodiment, the reaction products include
smaller molecules that include polyols and alcohols. Some-
one of ordinary skill in the art would be able to choose the
appropriate method by which to carry out the hydrogenoly-
sis reaction.

In some embodiments, a 5 and/or 6 carbon sugar or sugar
alcohol may be converted to propylene glycol, ethylene
glycol, and glycerol using a hydrogenolysis catalyst. The
hydrogenolysis catalyst may include Cr, Mo, W, Re, Mn, Cu,
Cd, Fe, Co, Ni, Pt, Pd, Rh, Ru, Ir, Os, and alloys or any
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combination thereof, either alone or with promoters such as
Au, Ag, Cr, Zn, Mn, Sn, Bi, B, O, and alloys or any
combination thereof. The hydrogenolysis catalyst may also
include a carbonaceous pyropolymer catalyst containing
transition metals (e.g., chromium, molybdemum, tungsten,
rhenium, manganese, copper, cadmium) or Group VIII met-
als (e.g., iron, cobalt, nickel, platinum, palladium, rhodium,
ruthenium, iridium, and osmium). In certain embodiments,
the hydrogenolysis catalyst may include any of the above
metals combined with an alkaline earth metal oxide or
adhered to a catalytically active support. In certain embodi-
ments, the catalyst described in the hydrogenolysis reaction
may include a catalyst support as described above for the
hydrogenation reaction.

The conditions for which to carry out the hydrogenolysis
reaction will vary based on the type of starting material and
the desired products. One of ordinary skill in the art, with the
benefit of this disclosure, will recognize the appropriate
conditions to use to carry out the reaction. In general, they
hydrogenolysis reaction is conducted at temperatures of
110° C. t0 300° C., and preferably at 170° C. to 220° C., and
most preferably at 200° C. to 225° C. In some embodiments,
the hydrogenolysis reaction is conducted under basic con-
ditions, preferably at a pH of 8 to 13, and even more
preferably at a pH of 10 to 12. In some embodiments, the
hydrogenolysis reaction is conducted at pressures in a range
between 60 KPa and 16500 KPa, and preferably in a range
between 1700 KPa and 14000 KPa, and even more prefer-
ably between 4800 KPa and 11000 KPa.

The hydrogen used in the hydrogenolysis reaction of the
current invention can include external hydrogen, recycled
hydrogen, in situ generated hydrogen, and any combination
thereof.

In some embodiments, the reaction products discussed
above may be converted into higher hydrocarbons through a
condensation reaction in a condensation reactor (shown
schematically as condensation reactor 110 in FIG. 1). In
such embodiments, condensation of the reaction products
occurs in the presence of a catalyst capable of forming
higher hydrocarbons. While not intending to be limited by
theory, it is believed that the production of higher hydro-
carbons proceeds through a stepwise addition reaction
including the formation of carbon-carbon, or carbon-oxygen
bond. The resulting reaction products include any number of
compounds containing these moieties, as described in more
detail below.

In certain embodiments, suitable condensation catalysts
include an acid catalyst, a base catalyst, or an acid/base
catalyst. As used herein, the term “acid/base catalyst” refers
to a catalyst that has both an acid and a base functionality.
In some embodiments the condensation catalyst can include,
without limitation, zeolites, carbides, nitrides, zirconia, alu-
mina, silica, aluminosilicates, phosphates, titanium oxides,
zinc oxides, vanadium oxides, lanthanum oxides, yttrium
oxides, scandium oxides, magnesium oxides, cerium oxides,
barium oxides, calcium oxides, hydroxides, heteropolyacids,
inorganic acids, acid modified resins, base modified resins,
and any combination thereof. In some embodiments, the
condensation catalyst can also include a modifier. Suitable
modifiers include La, Y, Sc, P, B, Bi, Li, Na, K, Rb, Cs, Mg,
Ca, Sr, Ba, and any combination thereof. In some embodi-
ments, the condensation catalyst can also include a metal.
Suitable metals include Cu, Ag, Au, Pt, Ni, Fe, Co, Ru, Zn,
Cd, Ga, In, Rh, Pd, Ir, Re, Mn, Cr, Mo, W, Sn, Os, alloys,
and any combination thereof.

In certain embodiments, the catalyst described in the
condensation reaction may include a catalyst support as
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described above for the hydrogenation reaction. In certain
embodiments, the condensation catalyst is self-supporting.
As used herein, the term “self-supporting” means that the
catalyst does not need another material to serve as support.
In other embodiments, the condensation catalyst in used in
conjunction with a separate support suitable for suspending
the catalyst. In an embodiment, the condensation catalyst
support is silica.

The conditions under which the condensation reaction
occurs will vary based on the type of starting material and
the desired products. One of ordinary skill in the art, with the
benefit of this disclosure, will recognize the appropriate
conditions to use to carry out the reaction. In some embodi-
ments, the condensation reaction is carried out at a tempera-
ture at which the thermodynamics for the proposed reaction
are favorable. The temperature for the condensation reaction
will vary depending on the specific starting polyol or alco-
hol. In some embodiments, the temperature for the conden-
sation reaction is in a range from 80° C. to 500° C., and
preferably from 125° C. to 450° C., and most preferably
from 125° C. to 250° C. In some embodiments, the conden-
sation reaction is conducted at pressures in a range between
0 Kpa to 9000 KPa, and preferably in a range between 0 KPa
and 7000 KPa, and even more preferably between 0 KPa and
5000 KPa.

The higher alkanes formed by the invention include, but
are not limited to, branched or straight chain alkanes that
have from 4 to 30 carbon atoms, branched or straight chain
alkenes that have from 4 to 30 carbon atoms, cycloalkanes
that have from 5 to 30 carbon atoms, cycloalkenes that have
from 5 to 30 carbon atoms, aryls, fused aryls, alcohols, and
ketones. Suitable alkanes include, but are not limited to,
butane, pentane, pentene, 2-methylbutane, hexane, hexene,
2-methylpentane, 3-methylpentane, 2,2,-dimethylbutane,
2,3-dimethylbutane, heptane, heptene, octane, octene, 2,2,
4-trimethylpentane, 2,3-dimethyl hexane, 2,3,4-trimethyl-
pentane, 2,3-dimethylpentane, nonane, nonene, decane,
decene, undecane, undecene, dodecane, dodecene, tride-
cane, tridecene, tetradecane, tetradecene, pentadecane, pen-
tadecene, nonyldecane, nonyldecene, eicosane, eicosene,
uneicosane, uneicosene, doeicosane, doeicosene, triei-
cosane, trieicosene, tetraeicosane, tetraeicosene, and iso-
mers thereof. Some of these products may be suitable for use
as fuels.

In some embodiments, the cycloalkanes and the cycloalk-
enes are unsubstituted. In other embodiments, the cycloal-
kanes and cycloalkenes are mono-substituted. In still other
embodiments, the cycloalkanes and cycloalkenes are multi-
substituted. In the embodiments comprising the substituted
cycloalkanes and cycloalkenes, the substituted group
includes, without limitation, a branched or straight chain
alkyl having 1 to 12 carbon atoms, a branched or straight
chain alkylene having 1 to 12 carbon atoms, a phenyl, and
any combination thereof. Suitable cycloalkanes and
cycloalkenes include, but are not limited to, cyclopentane,
cyclopentene, cyclohexane, cyclohexene, methyl-cyclopen-
tane, methyl-cyclopentene, ethyl-cyclopentane, ethyl-cyclo-
pentene, ethyl-cyclohexane, ethyl-cyclohexene, isomers and
any combination thereof.

In some embodiments, the aryls formed are unsubstituted.
In another embodiment, the aryls formed are mono-substi-
tuted. In the embodiments comprising the substituted aryls,
the substituted group includes, without limitation, a
branched or straight chain alkyl having 1 to 12 carbon
atoms, a branched or straight chain alkylene having 1 to 12
carbon atoms, a phenyl, and any combination thereof. Suit-
able aryls for the invention include, but are not limited to,
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benzene, toluene, xylene, ethyl benzene, para xylene, meta
xylene, and any combination thereof.

The alcohols produced in the invention have from 4 to 30
carbon atoms. In some embodiments, the alcohols are cyclic.
In other embodiments, the alcohols are branched. In another
embodiment, the alcohols are straight chained. Suitable
alcohols for the invention include, but are not limited to,
butanol, pentanol, hexanol, heptanol, octanol, nonanol,
decanol, undecanol, dodecanol, tridecanol, tetradecanol,
pentadecanol, hexadecanol, heptyldecanol, octyldecanol,
nonyldecanol, eicosanol, uneicosanol, doeicosanol, trieico-
sanol, tetraeicosanol, and isomers thereof.

The ketones produced in the invention have from 4 to 30
carbon atoms. In an embodiment, the ketones are cyclic. In
another embodiment, the ketones are branched. In another
embodiment, the ketones are straight chained. Suitable
ketones for the invention include, but are not limited to,
butanone, pentanone, hexanone, heptanone, octanone,
nonanone, decanone, undecanone, dodecanone, tridecanone,
tetradecanone, pentadecanone, hexadecanone, heptylde-
canone, octyldecanone, nonyldecanone, eicosanone, uneico-
sanone, doeicosanone, trieicosanone, tetraeicosanone, and
isomers thereof.

Another such chemical modification is interesterification.
Naturally produced glycerolipids do not have a uniform
distribution of fatty acid constituents. In the context of oils,
interesterification refers to the exchange of acyl radicals
between two esters of different glycerolipids. The interest-
erification process provides a mechanism by which the fatty
acid constituents of a mixture of glycerolipids can be
rearranged to modify the distribution pattern. Interesterifi-
cation is a well-known chemical process, and generally
comprises heating (to about 200° C.) a mixture of oils for a
period (e.g, 30 minutes) in the presence of a catalyst, such
as an alkali metal or alkali metal alkylate (e.g., sodium
methoxide). This process can be used to randomize the
distribution pattern of the fatty acid constituents of an oil
mixture, or can be directed to produce a desired distribution
pattern. This method of chemical modification of lipids can
be performed on materials provided herein, such as micro-
bial biomass with a percentage of dry cell weight as lipid at
least 20%.

Directed interesterification, in which a specific distribu-
tion pattern of fatty acids is sought, can be performed by
maintaining the oil mixture at a temperature below the
melting point of some TAGs which might occur. This results
in selective crystallization of these TAGs, which effectively
removes them from the reaction mixture as they crystallize.
The process can be continued until most of the fatty acids in
the oil have precipitated, for example. A directed interest-
erification process can be used, for example, to produce a
product with a lower calorie content via the substitution of
longer-chain fatty acids with shorter-chain counterparts.
Directed interesterification can also be used to produce a
product with a mixture of fats that can provide desired
melting characteristics and structural features sought in food
additives or products (e.g., margarine) without resorting to
hydrogenation, which can produce unwanted trans isomers.

Interesterification of oils produced by the methods
described herein can be performed in conjunction with one
or more of the methods and/or materials, or to produce
products, as reported in the following: U.S. Pat. No. 6,080,
853 (Nondigestible fat substitutes); U.S. Pat. No. 4,288,378
(Peanut butter stabilizer); U.S. Pat. No. 5,391,383 (Edible
spray oil); U.S. Pat. No. 6,022,577 (Edible fats for food
products); U.S. Pat. No. 5,434,278 (Edible fats for food
products); U.S. Pat. No. 5,268,192 (Low calorie nut prod-
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ucts); U.S. Pat. No. 5,258,197 (Reduce calorie edible com-
positions); U.S. Pat. No. 4,335,156 (Edible fat product);
U.S. Pat. No. 7,288,278 (Food additives or medicaments);
U.S. Pat. No. 7,115,760 (Fractionation process); U.S. Pat.
No. 6,808,737 (Structural fats); U.S. Pat. No. 5,888,947
(Engine lubricants); U.S. Pat. No. 5,686,131 (Edible oil
mixtures); and U.S. Pat. No. 4,603,188 (Curable urethane
compositions).

In one embodiment in accordance with the invention,
transesterification of the oil, as described above, is followed
by reaction of the transesterified product with polyol, as
reported in U.S. Pat. No. 6,465,642, to produce polyol fatty
acid polyesters. Such an esterification and separation pro-
cess may comprise the steps as follows: reacting a lower
alkyl ester with polyol in the presence of soap; removing
residual soap from the product mixture; water-washing and
drying the product mixture to remove impurities; bleaching
the product mixture for refinement; separating at least a
portion of the unreacted lower alkyl ester from the polyol
fatty acid polyester in the product mixture; and recycling the
separated unreacted lower alkyl ester.

Transesterification can also be performed on microbial
biomass with short chain fatty acid esters, as reported in U.S.
Pat. No. 6,278,006. In general, transesterification may be
performed by adding a short chain fatty acid ester to an oil
in the presence of a suitable catalyst and heating the mixture.
In some embodiments, the oil comprises about 5% to about
90% of the reaction mixture by weight. In some embodi-
ments, the short chain fatty acid esters can be about 10% to
about 50% of the reaction mixture by weight. Non-limiting
examples of catalysts include base catalysts, sodium
methoxide, acid catalysts including inorganic acids such as
sulfuric acid and acidified clays, organic acids such as
methane sulfonic acid, benzenesulfonic acid, and toluene-
sulfonic acid, and acidic resins such as Amberlyst 15. Metals
such as sodium and magnesium, and metal hydrides also are
useful catalysts.

Another such chemical modification is hydroxylation,
which involves the addition of water to a double bond
resulting in saturation and the incorporation of a hydroxyl
moiety. The hydroxylation process provides a mechanism
for converting one or more fatty acid constituents of a
glycerolipid to a hydroxy fatty acid. Hydroxylation can be
performed, for example, via the method reported in U.S. Pat.
No. 5,576,027. Hydroxylated fatty acids, including castor oil
and its derivatives, are useful as components in several
industrial applications, including food additives, surfactants,
pigment wetting agents, defoaming agents, water proofing
additives, plasticizing agents, cosmetic emulsifying and/or
deodorant agents, as well as in electronics, pharmaceuticals,
paints, inks, adhesives, and lubricants. One example of how
the hydroxylation of a glyceride may be performed is as
follows: fat may be heated, preferably to about 30-50° C.
combined with heptane and maintained at temperature for
thirty minutes or more; acetic acid may then be added to the
mixture followed by an aqueous solution of sulfuric acid
followed by an aqueous hydrogen peroxide solution which
is added in small increments to the mixture over one hour;
after the aqueous hydrogen peroxide, the temperature may
then be increased to at least about 60° C. and stirred for at
least six hours; after the stirring, the mixture is allowed to
settle and a lower aqueous layer formed by the reaction may
be removed while the upper heptane layer formed by the
reaction may be washed with hot water having a temperature
of about 60° C.; the washed heptane layer may then be
neutralized with an aqueous potassium hydroxide solution to
a pH of about 5 to 7 and then removed by distillation under
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vacuum; the reaction product may then be dried under
vacuum at 100° C. and the dried product steam-deodorized
under vacuum conditions and filtered at about 50° to 60° C.
using diatomaceous earth.

Hydroxylation of microbial oils produced by the methods
described herein can be performed in conjunction with one
or more of the methods and/or materials, or to produce
products, as reported in the following: U.S. Pat. No. 6,590,
113 (Oil-based coatings and ink); U.S. Pat. No. 4,049,724
(Hydroxylation process); U.S. Pat. No. 6,113,971 (Olive oil
butter); U.S. Pat. No. 4,992,189 (Lubricants and lube addi-
tives); U.S. Pat. No. 5,576,027 (Hydroxylated milk); and
U.S. Pat. No. 6,869,597 (Cosmetics).

Hydroxylated glycerolipids can be converted to estolides.
Estolides consist of a glycerolipid in which a hydroxylated
fatty acid constituent has been esterified to another fatty acid
molecule. Conversion of hydroxylated glycerolipids to
estolides can be carried out by warming a mixture of
glycerolipids and fatty acids and contacting the mixture with
a mineral acid, as described by Isbell et al., JAOCS 71(2):
169-174 (1994). Estolides are useful in a variety of appli-
cations, including without limitation those reported in the
following: U.S. Pat. No. 7,196,124 (Elastomeric materials
and floor coverings); U.S. Pat. No. 5,458,795 (Thickened
oils for high-temperature applications); U.S. Pat. No. 5,451,
332 (Fluids for industrial applications); U.S. Pat. No. 5,427,
704 (Fuel additives); and U.S. Pat. No. 5,380,894 (Lubri-
cants, greases, plasticizers, and printing inks).

Other chemical reactions that can be performed on micro-
bial oils include reacting triacylglycerols with a cyclopro-
panating agent to enhance fluidity and/or oxidative stability,
as reported in U.S. Pat. No. 6,051,539; manufacturing of
waxes from triacylglycerols, as reported in U.S. Pat. No.
6,770,104; and epoxidation of triacylglycerols, as reported
in “The effect of fatty acid composition on the acrylation
kinetics of epoxidized triacylglycerols”, Journal of the
American Oil Chemists’ Society, 79:1, 59-63, (2001) and
Free Radical Biology and Medicine, 37:1, 104-114 (2004).

The generation of oil-bearing microbial biomass for fuel
and chemical products as described above results in the
production of delipidated biomass meal. Delipidated meal is
a byproduct of preparing algal oil and is useful as animal
feed for farm animals, e.g., ruminants, poultry, swine and
aquaculture. The resulting meal, although of reduced oil
content, still contains high quality proteins, carbohydrates,
fiber, ash, residual oil and other nutrients appropriate for an
animal feed. Because the cells are predominantly lysed by
the oil separation process, the delipidated meal is easily
digestible by such animals. Delipidated meal can optionally
be combined with other ingredients, such as grain, in an
animal feed. Because delipidated meal has a powdery con-
sistency, it can be pressed into pellets using an extruder or
expander or another type of machine, which are commer-
cially available.

The invention, having been described in detail above, is
exemplified in the following examples, which are offered to
illustrate, but not to limit, the claimed invention.

VII. EXAMPLES
Example 1
Methods for Culturing Prototheca
Prototheca strains were cultivated to achieve a high

percentage of oil by dry cell weight. Cryopreserved cells
were thawed at room temperature and 500 ul of cells were
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added to 4.5 ml of medium (4.2 g/l. K,HPO,, 3.1 g/L.
NaH,PO,, 0.24 g/. MgSO,.7H,0, 0.25 g/L Citric Acid
monohydrate, 0.025 g/I. CaCl, 2H,0, 2 g/I. yeast extract)
plus 2% glucose and grown for 7 days at 28° C. with
agitation (200 rpm) in a 6-well plate. Dry cell weights were
determined by centrifuging 1 ml of culture at 14,000 rpm for
5 min in a pre-weighed Eppendorf tube. The culture super-
natant was discarded and the resulting cell pellet washed
with 1 ml of deionized water. The culture was again centri-
fuged, the supernatant discarded, and the cell pellets placed
at —80° C. until frozen. Samples were then lyophilized for 24
hrs and dry cell weights calculated. For determination of
total lipid in cultures, 3 ml of culture was removed and
subjected to analysis using an Ankom system (Ankom Inc.,
Macedon, N.Y.) according to the manufacturer’s protocol.
Samples were subjected to solvent extraction with an
Amkom XT10 extractor according to the manufacturer’s
protocol. Total lipid was determined as the difference in
mass between acid hydrolyzed dried samples and solvent
extracted, dried samples. Percent oil dry cell weight mea-
surements are shown in Table 8.

TABLE 8

Percent oil by dry cell weight

Species Strain % Oil
Prototheca stagnora UTEX 327 13.14
Prototheca moviformis UTEX 1441 18.02
Prototheca moviformis UTEX 1435 27.17

Microalgae samples from the strains listed in Table 8
above were genotyped. Genomic DNA was isolated from
algal biomass as follows. Cells (approximately 200 mg)
were centrifuged from liquid cultures 5 minutes at 14,000xg.
Cells were then resuspended in sterile distilled water, cen-
trifuged 5 minutes at 14,000xg and the supernatant dis-
carded. A single glass bead ~2 mm in diameter was added to
the biomass and tubes were placed at —80° C. for at least 15
minutes. Samples were removed and 150 pl of grinding
buffer (1% Sarkosyl, 0.25 M Sucrose, 50 mM NaCl, 20 mM
EDTA, 100 mM Tris-HCI, pH 8.0, RNase A 0.5 ug/ul) was
added. Pellets were resuspended by vortexing briefly, fol-
lowed by the addition of 40 ul of 5M NaCl. Samples were
vortexed briefly, followed by the addition of 66 pl of 5%
CTAB (Cetyl trimethylammonium bromide) and a final brief
vortex. Samples were next incubated at 65° C. for 10
minutes after which they were centrifuged at 14,000xg for
10 minutes. The supernatant was transferred to a fresh tube
and extracted once with 300 pl of Phenol:Chloroform:
Isoamyl alcohol 12:12:1, followed by centrifugation for 5
minutes at 14,000xg. The resulting aqueous phase was
transferred to a fresh tube containing 0.7 vol of isopropanol
(~190 ul), mixed by inversion and incubated at room tem-
perature for 30 minutes or overnight at 4° C. DNA was
recovered via centrifugation at 14,000xg for 10 minutes.
The resulting pellet was then washed twice with 70%
ethanol, followed by a final wash with 100% ethanol. Pellets
were air dried for 20-30 minutes at room temperature
followed by resuspension in 50 pl of 10 mM TrisCl, 1 mM
EDTA (pH 8.0).

Five pl of total algal DNA, prepared as described above,
was diluted 1:50 in 10 mM Tris, pH 8.0. PCR reactions, final
volume 20 pl, were set up as follows. Ten pl of 2x iProof HF
master mix (BIO-RAD) was added to 0.4 pl primer SZ02613
(5-TGTTGAAGAATGAGCCGGCGAC-3' (SEQ ID NO:9)
at 10 mM stock concentration). This primer sequence runs
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from position 567-588 in Gen Bank accession no. 1.43357
and is highly conserved in higher plants and algal plastid
genomes. This was followed by the addition of 0.4 pl primer
S702615 (5'-CAGTGAGCTATTACGCACTC-3' (SEQ 1D
NO:10) at 10 mM stock concentration). This primer
sequence is complementary to position 1112-1093 in Gen
Bank accession no. [.43357 and is highly conserved in
higher plants and algal plastid genomes. Next, 5 pl of diluted
total DNA and 3.2 ul dH,O were added. PCR reactions were
run as follows: 98° C., 45"; 98° C., 8"; 53° C., 12"; 72° C.,
20" for 35 cycles followed by 72° C. for 1 min and holding
at 25° C. For purification of PCR products, 20 pl of 10 mM
Tris, pH 8.0, was added to each reaction, followed by
extraction with 40 pl of Phenol: Chloroform:isoamyl alcohol
12:12:1, vortexing and centrifuging at 14,000xg for 5 min-
utes. PCR reactions were applied to S-400 columns (GE
Healthcare) and centrifuged for 2 minutes at 3,000xg. Puri-
fied PCR products were subsequently TOPO cloned into
PCR8/GW/TOPO and positive clones selected for on
LB/Spec plates. Purified plasmid DNA was sequenced in
both directions using M13 forward and reverse primers. In
total, twelve Prototheca strains were selected to have their
23S rRNA DNA sequenced and the sequences are listed in
the Sequence Listing. A summary of the strains and
Sequence Listing Numbers is included below. The
sequences were analyzed for overall divergence from the
UTEX 1435 (SEQ ID NO: 15) sequence. Two pairs emerged
(UTEX 329/UTEX 1533 and UTEX 329/UTEX 1440) as the
most divergent. In both cases, pairwise alignment resulted in
75.0% pairwise sequence identity. The percent sequence
identity to UTEX 1435 is also included below.

Species Strain % nt identity SEQ ID NO.
Prototheca UTEX 329 75.2 SEQ ID NO: 11
kruegani

Prototheca UTEX 1440 99 SEQ ID NO: 12
wickerhamii

Prototheca UTEX 1442 75.7 SEQ ID NO: 13
stagnora

Prototheca UTEX 288 75.4 SEQ ID NO: 14
moriformis

Prototheca UTEX 1439; 1441; 100 SEQ ID NO: 15
moriformis 1435; 1437

Prototheca UTEX 1533 99.8 SEQ ID NO: 16
wikerhamii

Prototheca UTEX 1434 75.9 SEQ ID NO: 17
moriformis

Prototheca zopfii  UTEX 1438 75.7 SEQ ID NO: 18
Prototheca UTEX 1436 88.9 SEQ ID NO: 19
moriformis

Lipid samples from a subset of the above-listed strains
were analyzed for lipid profile using HPLC. Results are
shown below in Table 9.

TABLE 9
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Algal plastid transit peptides were identified through the
analysis of UTEX 1435 (Prototheca moriformis) or UTEX
250 (Chlorella protothecoides) cDNA libraries as described
in Examples 12 and Example 11 below. cDNAs encoding
potentially plastid targeted proteins based upon BLAST hit
homology to other known plastid targeted proteins were
subjected to further analysis by the software programs
PSORT  (psort.ims.u-tokyo.ac.jp/form.html),  ChloroP
(world wide web cbs.dtu.dk/services/ChloroP/) and TargetP
(world wide web cbs.dtu.dk/services/TargetP/). Candidate
plastid transit peptides identified through at least one of
these three programs were then PCR amplified from the
appropriate genomic DNA. Below is a summary of the
amino acid sequences algal plastid targeting sequences
(PTS) that were identified from this screen. Also included
are the amino acid sequences of plant fatty acyl-ACP
thioesterases that are used in the heterologous expression
Examples below.

cDNA SEQ ID NO.
P. moriformis isopentenyl diphosphate synthase PTS ~ SEQ ID NO: 127
P. moriformis delta 12 fatty acid desaturase PTS SEQ ID NO: 128
P. moriformis stearoyl ACP desaturase PTS SEQ ID NO: 129
C. protothecoides stearoyl ACP desaturase PTS SEQ ID NO: 130
Cuphea hookeriana fatty acyl-ACP thioesterase SEQ ID NO: 131
(C8-10)
Umbellularia californica fatty acyl-ACP thioesterase ~ SEQ ID NO: 132
(C12)
Cinnamomum camphora fatty acyl-ACP thioesterase ~ SEQ ID NO: 133
(C14)
Example 2
Culturing Prototheca on Various Feedstocks
A. Sorghum

The following strains were shown to be capable of
utilizing sorghum as a sole carbon source: Prototheca mori-
Jformis strains UTEX 1435, UTEX 1437, UTEX 288, UTEX
1439, UTEX 1441 and UTEX 1434, and Prototheca stag-
nora strain UTEX 1442. The “UTEX” designation indicates
the strain number from the algal culture collection of the
University of Texas, 1 University State A6700, Austin, Tex.
78712-0183.

Pure sorghum was purchased from Maasdam Sorghumi
Mills (Lynnville, lowa) with a sugar profile of fructose
21.0% w/w, dextrose 28.0% w/w, sucrose 16.0% w/w and
maltose <0.5% w/w. The cultures were grown in liquid
medium containing 2%, 5%, or 7% (v/v) pure sorghum
(diluted from the pure stock) as the sole carbon source and
the cultures were grown heterotrophically in the dark, agi-
tating at ~350 rpm. Samples from the cultures were pulled

Diversity of lipid chains in microalgal species

Strain Cl4:0 Cl6:0 Clé:l CI18:0 Cl8&l Cl8:2 Cl83 C20:0 C20:1
UTEX 0 1201 0 0 5033 1714 0 0 0
327

UTEX 141 2944 070 305 5772 1237 097 033 0
1441

UTEX 109 2577 0O 275 5401 1190 244 0 0

1435
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at 24, 40, 48, 67 and 89 hours and growth was measured
using A750 readings on a spectrophotometer. Growth was
observed for each of the strains tested as shown in FIGS.
1-2.

B. Cellulose

Wet, exploded corn stover, Miscanthus, forage sorghum,
beet pulp and sugar cane bagasse were prepared by The
National Renewable Energy Laboratory (Golden, Colo.) by
cooking in a 1.4% sulfuric acid solution and dewatering the
resultant slurry. Percent solids were determined gravimetri-
cally by drying and were as follows: corn stover, 25% solids;
Miscanthus, 28.7% solids; forage sorghum, 26.7% solids;
and sugar cane bagasse, 26% solids.

100 gram wet samples of exploded cellulosic materials
(corn stover or switch grass) were resuspended in deionized
water to a final volume of 420 mL and the pH was adjusted
to 4.8 using 10N NaOH. For beet pulp, 9.8 grams dry solids
were brought to 350 mL with deionized water and pH was
adjusted to 4.8 with 10 N NaOH. For all of the above
feedstocks, Accellerase 1000 (Genencor, New York) was
used at a ratio of 0.25 ml enzyme per gram of dry biomass
for saccharification of the cellulosic materials. Samples were
incubated with agitation (110 rpm) at 50° C. for 72 hours.
The pH of each of the samples was adjusted to 7.0 with
NaOH (with negligible volume change), filter sterilized
through a 0.22 pm filter and used in the processes detailed
below. For larger scale processes, the same procedure for
saccharification was followed except an additional step of
tangential flow filtration (TFF) or microfiltration step was
performed to aid in filter sterilization of feedstocks. A
sample from each of the feedstocks prepared was reserved
for determination of glucose and xylose concentration using
an HPLC/ELSD-based system or a hexokinase-based kit
(Sigma). Additionally, for beet pulp, the material was ini-
tially brought to volume as with the other feedstocks, the pH
was then adjusted to 4.0 and a pectinase treatment was
carried out at 50° C. for 24 hours. The pH was then adjusted
to 4.8 if no washing steps were conducted or 5.3 if washing
steps were conducted. Enzymatic saccharification was then
performed with the same procedure used for the other
feedstocks as described above.

Microalgae Prototheca moriformis strain UTEX 1435
was assessed for its ability to grow on a series of cellulosic
feedstocks prepared as described above (corn stover, beet
pulp, sorghum cane, Miscanthus and glucose control). The
microalgae culture was grown in conditions described in
Example 1 above with the exception of the carbon source.
The carbon source was either 4% glucose (for control
conditions) or 4% glucose as measured by available glucose
in the cellulosic materials. Growth was assessed by A750
readings and the culturing time was 168 hours, with A750
readings at 48, 72, 96, 120, 144 and 168 hours after initiation
of the culture. As can be seen in FIG. 7a, the Prototheca
moriformis culture grew best in corn stover. The other
cellulosic feedstocks used, Miscanthus, sorghum cane and
beet pulp, all exhibited inhibition of growth.

Based on the above results with corn stover derived
cellulosic sugars, lipid accumulation was also assessed in
Prototheca moriformis using different levels of corn stover
derived cellulosic sugars and reagent glucose as a control.
Cultures were grown in 18 g/L. glucose that was completely
from corn stover derived cellulosic sugars (100% corn
stover condition in FIG. 75), 9 g/L glucose from corn stover
derived cellulosic sugars supplemented with 9 g/IL reagent
glucose (50% corn stover supplemented with glucose to 18
g/ condition in FIG. 75), 9 g/L. glucose from corn stover
derived cellulosic sugars (50% corn stover, not supple-
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mented; glucose at 9 g/IL condition in FIG. 756) and a control
culture of 42 g/, reagent glucose and 13 g/L reagent xylose
for osmolarity control. All cultures were fed with cellulosic
sugars to maintain the glucose concentration at 20 g/L,
except for the control culture, which was fed with reagent
glucose to maintain the glucose concentration at 20 g/L.
Growth was measured based on the dry cell weight of the
culture and lipid productivity was determined as a percent
dry cell weight. Total lipids were determined gravimetrically
using an Ankom acid hydrolysis/solvent extraction system
as described in Example 1 above.

As can be seen in FIG. 75, based on biomass accumula-
tion (as measured by DCW), all concentrations of the corn
stover derived cellulosics out-performed (higher DCW) the
control media that was fed glucose alone. Lipid production
as a percentage of DCW was also calculated for all of the
conditions. In addition to the higher biomass accumulation
seen for growth on corn stover, lipid accumulation was also
higher in the corn stover derived cellulosics conditions as
compared to the glucose control condition. These data
demonstrate that, in addition to providing cellulosic derived
sugars, corn stover provides additional nutrients/compo-
nents that contribute to an increased biomass accumulation
(growth) and increased product yield.

Because the cellulosic feedstocks contain components in
addition to glucose, some of these additional components
can accumulate to undesirable levels during culture as more
cellulosic derived sugars are fed into the culture as the main
carbon source (usually, but not limited to, glucose) is con-
sumed. For example, the xylose present in the cellulosic
derived sugar feedstock may build up during the high
density cultivation of microalgae to levels inhibitory to
growth and end product production. To test the effects of
xylose build up during Prototheca cultivation, cultures were
grown with 4% glucose in the media and supplemented with
0, 10 g/L,, 25 g/L, 50 /L and 100 g/L, xylose. After 6 days
of culture, growth and lipid accumulation were assessed
using the methods described above. As seen in FIG. 7c,
surprisingly, the highest concentrations of xylose tested
were not inhibitory to Prototheca moriformis’ ability to
grow and accumulate lipid, and the culture actually grew
better and accumulated more lipids at the highest xylose
concentrations. To explore this phenomenon, a similar
experiment was carried out with sucrose, a carbon source
which wild type Prototheca moriformis is unable to metabo-
lize. No positive impact was observed with sucrose, sug-
gesting that the increased growth and lipid accumulation
seen with xylose is attributable to a mechanism other than
the osmotic stress from high concentrations of unmetabo-
lized components in the media and is xylose-specific.

In addition to non-metabolized sugars, salts may accu-
mulate to inhibitory levels as a result of concentrating
lignocellulosic derived sugars. Due to the acid hydrolysis
step with H,SO, during the typical preparation of cellulosic
materials followed by neutralization of the acid with NaOH,
Na,SO, is formed during the generation of lignocellulosic
sugars. To assess the impact of salt concentration on growth
and lipid production, Prototheca moriformis cultures were
grown at Na,SO,, concentrations ranging from 0-700 mM in
media supplemented with 4% glucose. As shown in FIG. 7d,
a significant inhibition of growth was observed, as measured
by DCW accumulation, where Na,SO, concentrations
exceeded 25 mM, specifically at the 80 mM, 240 mM and
700 mM concentrations. In addition, the impact of antifoam
P2000 was assessed in the same test. The antifoam com-
pound had a significant, positive impact on biomass pro-
ductivity. Lipid productivity was also assessed for each
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condition, and Na2SO4 concentrations above 80 mM, spe-
cifically 240 mM and 700 mM, were inhibitory while the
addition of antifoam P2000 significantly increased lipid
productivity. Thus, in one embodiment, the culturing steps
of the methods of the present invention include culturing in
media containing an antifoaming agent.

Based on the results discussed above and summarized in
FIG. 7a, inhibitors were likely present in the cellulosic
feedstocks exhibiting poor growth. The present invention
provides means of removing such compounds by washing
the materials with hot water (hydrothermal treatment). FIG.
8 summarizes the growth results, as measured by A750,
using sugar derived from cellulosic feedstock with a single
hot water wash. The culture conditions were identical to
those used in the processes summarized in FIG. 7a. Com-
pared to the results shown in FIG. 7a, after just one hot water
wash, Prototheca moriformis cultures grew better in all
cellulosic feedstocks tested, specifically sugar cane bagasse,
sorghum cane, Miscanthus and beet pulp, as compared to
glucose control. Lipid productivity was also assessed in each

10
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The impact on the lipid profile of Prototheca moriformis
cultures grown on the various hydrothermally treated ligno-
cellulosic derived sugars was assessed. Prototheca morifor-
mis cultures were grown on the following 4x-washed cel-
Iulosic feedstocks: Miscanthus, sugar cane bagasse and
sorghum cane, with glucose levels maintained at 20 g/LL
through feeding of the cellulosic sugars. At the conclusion of
the culturing, microalgae biomass from each condition was
analyzed for lipid profile using the methods described in
Example 1. The results of the lipid profile analysis (ex-
pressed in Area %) are summarized in Table 10 below. Each
condition was tested in duplicates, and the results from each
of the duplicate test conditions are included. Growth on
cellulosic feedstocks resulted in a significant re-distribution
in the lipid profile as compared to the glucose control. For
example, there was a significant increase in C18:0 Area %
in all of the cellulosic feedstock conditions as compared to
the glucose control condition.

TABLE 10

Lipid profile of Prototheca movriformis grown on glucose and cellulosics

derived sugars.

glucose 1 glucose 2
(ctrl) (ctrl) bagasse 1 bagasse 2 sorgh 1 sorgh2 Miscan1l Miscan 2

C10:0 n.d. n.d. 0.03 0.02 n.d. n.d. n.d. n.d.
C12:0 0.04 0.05 0.04 0.04 0.05 0.04 0.04 0.04
C14:0 1.64 1.64 1.07 1.10 1.17 1.14 1.08 1.12
Cl4:1 0.03 0.04 0.04 0.04 0.06 0.06 0.03 0.03
C15:0 0.04 0.05 0.07 0.05 0.08 0.08 0.06 0.06
C16:0 26.80 26.81 22.32 22.81 22.09 2219 2345 23.62
Cl6:1 0.75 0.82 1.68 1.70 1.92 2.12 1.38 1.23
C17:0 0.14 0.16 0.28 0.17 0.29 0.27 0.21 0.19
C17:1 0.07 0.06 0.10 0.10 0.13 0.12 0.10 0.09
C18:0 3.56 3.64 15.88 10.40 15.30 12.37 10.15 8.69
C18:1 54.22 54.01 49.87 53.87 49.35  50.80 54.05 55.26
C18:2 11.23 11.11 6.54 7.91 7.47 8.80 7.71 7.88
C18:3 0.84 0.85 0.39 0.56 0.47 0.53 0.56 0.60
alpha

C20:0 0.31 0.30 0.85 0.63 0.76 0.69 0.63 0.56
C20:1 0.15 0.15 0.33 0.28 0.32 0.32 0.27 0.25
C20:3 0.06 0.06 0.13 0.12 0.14 0.12 0.11 0.11
C24:0 0.12 0.12 0.22 0.19 0.22 0.20 0.18 0.15

n.d. denotes none detected

of the conditions. Except for the beet pulp condition, which
was comparable to the glucose control, cultures grown in
sugars derived from cellulosic materials subjected to one hot
water wash exhibited better lipid productivity than the
glucose control.

One potential impact of hydrothermal treatment (hot
water washing) of cellulosic biomass is the removal of
furfurals and hydroxymethyl furfurals released by acid
explosion of the material. The presence of furfurals and
hydroxymethyl furfurals may have contributed to limited
growth observed in some of the processes summarized in
FIG. 7a. To assess how hydrothermal treatment affected the
levels of furfurals (FA) and hydroxymethyl furfurals (HMF),
supernatants resulting from one to three washes of cellulosic
biomass derived from sugarcane bagasse (B), sorghum cane
(S), Miscanthus (M) or beet pulp (BP) were assayed for FA
and HMF by HPLC. As shown in FIG. 8, FA and RMF levels
decrease significantly with each washing step. This result is
consistent with the observation that FA and HMF can be
inhibitory to microalgal growth (as seen in FIG. 7a) and that
hydrothermal treatment removes these compounds and
results in improved microalgal growth, even better than the
growth in the control glucose conditions (as seen in FIG. 8).

45

Cellulosic sugar stream was generated from exploded
corn stover, saccharified using Accellerase enzyme and
concentrated using vacuum evaporation. This sugar stream
was tested in Prototheca moriformis growth assays at a 4%
glucose concentration. The results of the growth assays
showed very poor growth and the cellulosic sugar stream
was tested for conductivity (salt content). The conductivity
was very high, far greater than 700 mM sodium equivalents,
a level that was shown to be inhibitory to growth as
described above and shown in FIG. 7d. Methods of the
invention include methods in which salt is reduced or
removed from lignocellulosic derived sugars prior to utiliz-
ing these feedstocks in the production of lignocellulosic
derived microalgal oil. Surprisingly, however, one cannot
use resins to desalt concentrated sugar streams, one must
first dilute the concentrated sugar stream. To demonstrate
this embodiment of the invention, cellulosic sugars derived
from corn stover material were diluted eight-fold prior to
removing contaminating salts with the resin. The initial
conductivity of the concentrated starting material was 87
mS/cm while that of the eight-fold diluted stream was 10990
uS/cm at a pH of 5.61. Previous studies had indicated that
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failure to dilute the concentrated sugar streamprior to de-
ionization resulted in an inability to remove salts quantita-
tively as well as a significant loss of glucose from the sugar
stream. Three different bed volumes of IEX resin (DOWEX
Marathon MR3) were used (1:2, 1:4 and 1:10). Table 11
summarize results demonstrating the ability of a mixed bed
ion exchange (IEX) resin to reduce salts (as measured by
conductivity) significantly in a previously concentrated corn
stover derived cellulosic sugar stream in diluted feedstocks.

TABLE 11

78

stainless steel reactor (150 L capacity). Cellulosics were
discharged from the reactor vessel via a rotary load pump at
a flow rate of 1.9-3.8 kg/min to a Sharples Model 660
decanter centrifuge. Liquid permeate was retained batch
5 wise (ca. 35-175 kg aliquots, see Table 12 below) and
homogenous aliquots removed for assessment of total sugars
(glucose and xylose) and percent solids as described in Table
12. Conductivity and pH of the cellulosic material were
controlled via the addition of de-ionized water and 10 N

Ability of IEX resin to reduce salts.

Calculated
conductivity post

Conductivity post-

deionization and 8x

Na* equivalents

pH post- deionization re-concentration  (based on std curve)
Bed volume resin:cellulosics  deionization (nS/cm) (nS/cm) in mM
1:2 3.1 74 592 7.42
1:4 3.1 97 776 9.7
1:10 5.25 6320 50560 634

A process employing a 1:4 bed volume:cellulosic feed-
stock and re-concentration of the material eight-fold would
result in a sodium concentration is well within the range for
normal biomass and lipid accumulation. Alternatively,
deionization or salt removal can be performed prior to
saccharification or after saccharification, but before concen-
tration of the sugar stream. If salt removal is performed
before the concentration of the sugar stream, a dilution step
of the sugar stream before salt removal would likely not be
necessary.

This example demonstrates the efficacy of washing of
exploded cellulosic material for the use in cellulosic oil
production. As described above, concentration of cellulosi-
cally derived sugars without the removal of salts (inherent to
the production of exploded cellulosic material and subse-
quent treatment) results in less than optimal fermentations.
The materials treated in the process described below were of
the appropriate pH for subsequent saccharification. In addi-
tion, the conductivity of this material was significantly
reduced (over 100 fold) from the starting feedstock. There-
fore, the subsequent concentrated sugars to be used in
fermentations were not inhibitory due to the presence of
excessive salts. An additional advantage is secen by the
removal of furfurals from the cellulosic material. Any xylose
or glucose removed in the hemicellulosic fraction can either
be discarded or preferably re-concentrated to be used in
fermentations.

Wet, exploded sugar cane bagasse (NREL, Colorado)
with an initial starting mass of 65 kg wet weight and
conductivity of 15,000 uS/cm, pH 2.4 was brought to 128 kg
with deionized water and the pH adjusted to 4.6 with 10 N
NaOH, making the resulting conductivity 6,800 uS/cm). The
percent solids were assessed by removal of an aliquot of the
suspended materials to a tared (weight=t) aluminum pan,
recording the wet weight (weight=w) followed by drying for
three hours at 110° C. After drying samples were removed
to a desiccator and allowed to come to room temperature
(25° C.) at which point, they were weighed again
(weight=d). Percent solids were calculated as: % solids=
[(d=t/w-1)]x100. Conductivities were measured on a
Thermo Electron Orion 3 Star Conductivity meter.

The sugar cane bagasse was washed in a semi-continuous
fashion by continuously mixing the cellulosic slurry (initial
percent solids of 8.2%) at a temperature of 50° C. in a

NaOH, respectively. Samples 1-10 in Table 12 represent
decanted centrifuge permeate, and as such, solids and sugars

» present in these fractions are removed from the final, washed
cellulosic materials. A mass balance calculation of total
solids compared to solids removed minus solids lost plus
final solids for saccharification, resulted in a 99% recovery
in the above process. FIG. 8 summarizes the furfural and

30 hydroxymethyl furfurals concentration (mg/L) in each of the
11 centrifuge permeates collected and described in Table 12.
These data demonstrate a clear removal of furfurals and
hydroxymethyl furfurals from the sugar cane bagasse.

» TABLE 12

Mass balance for semi-continuous hydrothermal treatment of sugar cane
bagasse.
Con- total total

40 duc- xylose glucose

kg tivity ~ removed  removed
Sample kg (wet) (dry) pH pS/em (& (8)
1 128 10.50 4.60 6,880 0 0
(initial
45 material)
2 81.8 2.03 3,280 1030.68 286.3
3 76.5 0.49 2,500 298.35 76.50
4 106 041 254.40 63.60
5 173.9 0.30 3.74 1,260 226.07 69.56
6 101.8 0.08 4.40 791 71.26 20.36
50 7 110.6 0.04 4.86 327 44.24 0
8 77.2 0 0 0
9 108.6 0.02 4.7 221 0 0
10 101.5 0 0 0
11 34.8 0 4.7 146 0 0
Solids removed 3.37
(samples 1-10)
55 lost in process
Total xylose 1925.00
removed
Total glucose 516.32

60 removed

Final solids for 7.03

saccharification

In another demonstration of the ability of Prototheca to

65 utilize cellulosic-derived feedstock, Prototheca moriformis
(UTEX 1435) was cultivated in three-liter bioreactors using
cellulosic derived sugar as a fixed carbon feedstock. The
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inoculum was prepared from cryopreserved cells, which
were thawed at room temperature and 1 mL of cells were
added to 300 mL of inoculum medium based on the basal
microalgae medium described in Example 1 with 1 g/LL
(NH,),S0,, 4 g/L yeast extract and a trace element solution,
plus 4% glucose and grown for 1 day at 28° C. with agitation
(200 rpm). This culture was used to inoculate a three-liter
bioreactor containing 1 L medium plus 0.26 mL of Antifoam
204 (Sigma, USA). The fermentor was controlled at 28° C.
and pH was maintained at 6.8 by addition of KOH. Dis-
solved oxygen was maintained at 30% saturation by cas-
cading agitation and airflow. Cellulosic sugar feedstock
from corn stover was fed to the culture to maintain 0-10 g/L.
glucose. Desalination of cellulosic sugar feedstocks to less
than 300 mM salt was essential to assure similar dry cell
weight and lipid accumulation performance as compared to
purified sugar feedstock controls. Desalination of the cellu-
losic sugar feedstock was performed using the methods
described above. Fermentor samples were removed to moni-
tor fermentation performance. Cell mass accumulation was
monitored by optical density and dry cell weight. Glucose,
xylose, ammonia, potassium, sodium and furfural concen-
trations were also determined and monitored throughout the
fermentation time course. Lipid concentration was deter-
mined by gravimetric methods discussed above.

Example 3
Methods for Transforming Prototheca

A. General Method for Biolistic Transformation of Pro-
totheca

S550d gold carriers from Seashell Technology were pre-
pared according to the protocol from manufacturer. Linear-
ized plasmid (20 pg) was mixed with 50 pl of binding buffer
and 60 pl (30 mg) of S550d gold carriers and incubated in
ice for 1 min. Precipitation buffer (100 ul) was added, and
the mixture was incubated in ice for another 1 min. After
vortexing, DNA-coated particles were pelleted by spinning
at 10,000 rpm in an Eppendorf 5415C microfuge for 10
seconds. The gold pellet was washed once with 500 ul of
cold 100% ethanol, pelleted by brief spinning in the
microfuge, and resuspended with 50 pl of ice-cold ethanol.
After a brief (1-2 sec) sonication, 10 pl of DNA-coated
particles were immediately transferred to the carrier mem-
brane.

Prototheca strains were grown in proteose medium (2 g/L.
yeast extract, 2.94 mM NaNO3, 0.17 mM CaCl2.2H20, 0.3
mM MgS04.7H20, 0.4 mM K2HPO4, 1.28 mM KH2PO4,
0.43 mM NaCl) on a gyratory shaker until it reaches a cell
density of 2x10° cells/ml. The cells were harvested, washed
once with sterile distilled water, and resuspended in 500 of
medium. 1x107 cells were spread in the center third of a
non-selective proteose media plate. The cells were bom-
barded with the PDS-1000/He Biolistic Particle Delivery
system (Bio-Rad). Rupture disks (1100 and 1350 psi) were
used, and the plates are placed 9 and 12 cm below the
screen/macrocarrier assembly. The cells were allowed to
recover at 25° C. for 12-24 h. Upon recovery, the cells were
scraped from the plates with a rubber spatula, mixed with
100 pl of medium and spread on plates containing the
appropriate antibiotic selection. After 7-10 days of incuba-
tion at 25° C., colonies representing transformed cells were
visible on the plates from 1100 and 1350 psi rupture discs
and from 9 and 12 cm distances. Colonies were picked and
spotted on selective agar plates for a second round of
selection.
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B. Transformation of Prototheca with G418 Resistance
Gene

Prototheca moriformis and other Prototheca strains sen-
sitive to (G418 can be transformed using the methods
described below. G418 is an aminoglycoside antibiotic that
inhibits the function of 80S ribosomes and thereby inhibits
protein synthesis. The corresponding resistance gene func-
tions through phosphorylation, resulting in inactivation of
G418. Prototheca strains UTEX 1435, UTEX 1439 and
UTEX 1437 were selected for transformation. All three
Prototheca strains were genotyped using the methods
described above. All three Prototheca strains had identical
23s rRNA genomic sequences (SEQ ID NO:15).

All transformation cassettes were cloned as EcoRI-Sacl
fragments into pUC19. Standard molecular biology tech-
niques were used in the construction of all vectors according
to Sambrook and Russell, 2001. The C. reinhardtii beta-
tubulin promoter/S'UTR was obtained from plasmid pHyg3
(Berthold et al., (2002) Protist: 153(4), pp 401-412) by PCR
as an EcoRI-Ascl fragment. The Chlorella vulgaris nitrate
reductase 3'UTR was obtained from genomic DNA isolated
from UTEX strain 1803 via PCR using the following primer
pairs:

(SEQ ID NO: 35)
Forward: 5' TGACCTAGGTGATTAATTAACTCGAG
GCAGCAGCTCGGATAGTATCG 3!

(SEQ ID NO: 36)

Reverse: 5' CTACGAGCTCAAGCTTTCCATTTGTGTTC
CCATCCCACTACTTCC 3!

The Chiorella sorokiniana glutamate dehydrogenase pro-
moter/UTR was obtained via PCR of genomic DNA isolated
from UTEX strain 1230 via PCR using the following primer
pairs:

(SEQ ID NO: 37)
Forward: 5' GATCAGAATTCCGCCTGCAACGCAAGG GCAGC 3
(SEQ ID NO: 38)
Reverse: 5' GCATACTAGTGGCGGGACGGAGAGA GGGCG 3'
Codon optimization was based on the codons in Table 1

for Prototheca moriformis. The sequence of the non-codon
optimized neomycin phosphotransferase (nptll) cassette was
synthesized as an Ascl-Xhol fragment and was based on
upon the sequence of Genbank Accession No. YP_788126.
The codon optimized nptll cassette was also based on this
Genbank Accession number.

The three Prototheca strains were transformed using
biolistic methods described above. Briefly, the Prototheca
strains were grown heterophically in liquid medium con-
taining 2% glucose until they reached the desired cell
density (1x107 cells/mL to 5x107 cells/fmL). The cells were
harvested, washed once with sterile distilled water and
resuspended at 1x10® cells/mL. 0.5 mL of cells were then
spread out on a non-selective solid media plate and allowed
to dry in a sterile hood. The cells were bombarded with the
PDS-1000/He Biolistic Particle Delivery System (BioRad).
The cells were allowed to recover at 25° C. for 24 hours.
Upon recovery, the cells were removed by washing plates
with 1 mL of sterile media and transferring to fresh plates
containing 100 pg/ml. G418. Cells were allowed to dry in a
sterile hood and colonies were allowed to form on the plate
at room temperature for up to three weeks. Colonies of
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UTEX 1435, UTEX 1439 and UTEX 1437 were picked and
spotted on selective agar plates for a second round of
selection.

A subset of colonies that survived a second round of
selection described above, were cultured in small volume
and genomic DNA and RNA were extracted using standard
molecular biology methods. Southern blots were done on
genomic DNA extracted from untransformed (WT), the
transformants and plasmid DNA. DNA from each sample
was run on 0.8% agarose gels after the following treatments:
undigested (U), digested with Avrll (A), digested with Ncol
(N), digested with Sacl (S). DNA from these gels was
blotted on Nylon+ membranes (Amersham). These mem-
branes were probed with a fragment corresponding to the
entire coding region of the nptll gene (NeoR probe). FIG. 4
shows maps of the cassettes used in the transformations.
FIG. 5 shows the results of Southern blot analysis on three
transformants (all generated in UTEX strain 1435) (1, 2, and
3) transformed with either the beta-tubulin::neo::nit (SEQ
1D NO: 39) (transformants 1 and 2) or glutamate dehydro-
genase:neo:nit (SEQ ID NO: 40) (transformant 3). The
glutamate dehydrogenase:neo:nit transforming plasmid was
run as a control and cut with both Ncol and Sacl. Avrll does
not cut in this plasmid. Genomic DNA isolated from
untransformed UTEX strain 1435 shows no hybridization to
the NeoR probe.

Additional transformants containing the codon-optimized
glutamate dehydrogenase:neo:nit (SEQ ID NO: 41) and
codon-optimized p-tubulin::neo::nit (SEQ 1D NO:42) con-
structs were picked and analyzed by Southern blot analysis.
As expected, only digests with Sacl show linearization of the
transforming DNA. These transformation events are consis-
tent with integration events that occur in the form of
oligomers of the transforming plasmid. Only upon digestion
with restriction enzymes that cut within the transforming
plasmid DNA do these molecules collapse down the size of
the transforming plasmid.

Southern blot analysis was also performed on transfor-
mants generated upon transformation of Prototheca strains
UTEX 1437 and UTEX 1439 with the glutamate dehydro-
genase::neo::nit cassette. The blot was probed with the
NeoR probe probe and the results are similar to the UTEX
1435 transformants. The results are indicative of integration
events characterized by oligomerization and integration of
the transforming plasmid. This type of integration event is
known to occur quite commonly in Dictyostelium discoi-
deum (see, for example, Kuspa, A. and Loomis, W. (1992)
PNAS, 89:8803-8807 and Morio et al., (1995) J. Plant Res.
108:111-114).

To further confirm expression of the transforming plas-
mid, Northern blot analysis and RT-PCR analysis were
performed on selected transformants. RNA extraction was
performed using Trizol Reagent according to manufacturer’s
instructions. Northern blot analysis were run according to
methods published in Sambrook and Russel, 2001. Total
RNA (15 pg) isolated from five UTEX 1435 transformants
and untransformed UTEX 1435 (control lanes) was sepa-
rated on 1% agarose-formaldehyde gel and blotted on nylon
membrane. The blot was hybridized to the neo-non-opti-
mized probe specific for transgene sequences in transfor-
mants 1 and 3. The two other transformants RNAs express
the codon-optimized version of the neo-transgene and, as
expected, based on the sequence homology between the
optimized and non-optimized neo genes, showed signifi-
cantly lower hybridization signal.

RNA (1 pg) was extracted from untransformed Prototh-
eca strain UTEX 1435 and two representative UTEX 1435
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transformants and reverse transcribed using an oligio dT
primer or a gene specific primer. Subsequently these cDNAs
(in duplicate) were subjected to qPCR analysis on ABI Veriti
Thermocycler using SYBR-Green qPCR chemistry using
the following primers (nptll):

(SEQ ID NO: 43)
Forward: 5' GCCGCGACTGGCTGCTGCTGG 3!

(SEQ ID NO: 44)
Reverse: 5' AGGTCCTCGCCGTCGGGCATG 3!

Possible genomic DNA contamination was ruled out by a
no reverse transcriptase negative control sample. The results
indicated that the NeoR genes used to transform these strains
is actively transcribed in the transformants.

C. Transformation of Prototheca with Secreted Heterolo-
gous Sucrose Invertase

All of the following experiments were performed using
liquid medium/agar plates based on the basal medium
described in Ueno et al., (2002) J Bioscience and Bioengi-
neering 94(2):160-65, with the addition of trace minerals
described in U.S. Pat. No. 5,900,370, and 1xDAS Vitamin
Cocktail (1000x solution): tricine: 9 g, thiamine HCL: 0.67
g, biotin: 0.01 g, cyannocobalamin (vitamin B12): 0.008 g,
calcium pantothenate: 0.02 g and p-aminobenzoic acid: 0.04

g).

Two plasmid constructs were assembled using standard
recombinant DNA techniques. The yeast sucrose invertase
genes (one codon optimized and one non-codon optimized),
suc2, were under the control of the Chlorella reinhardtii
beta-tubulin promoter/5'UTR and had the Chlorella vulgaris
nitrate reductase 3'UTR. The sequences (including the
S'UTR and 3'UTR sequences) for the non-codon optimized
(Crp-tub::NCO-suc2::CvNitRed) construct, SEQ ID NO:
57, and codon optimized (Crf-tub::CO-suc2::CvNitRed)
construct, SEQ ID NO: 58, are listed in the Sequence
Listing. Codon optimization was based on Table 1 for
Prototheca sp. FIG. 6 shows a schematic of the two con-
structs with the relevant restriction cloning sites and arrows
indicating the direction of transcription. Selection was pro-
vided by Neo R (codon optimized using Table 1).

Preparation of the DNA/Gold Microcarrier: DNA/Gold
Microcarriers were Prepared immediately before use and
stored on ice until applied to macrocarriers. The plasmid
DNA (in TE buffer) was added to 50 ul of binding buffer.
Saturation of the gold beads was achieved at 15 pg plasmid
DNA for 3 mg gold carrier. The binding buffer and DNA
were mixed well via vortexing. The DNA and binding buffer
should be pre-mix prior to gold addition to ensure uniformed
plasmid binding to gold carrier particles. 60 pl of S550d
(SeaShell Technologies, San Diego, Calif.) gold carrier was
added to the DNA/binding buffer mixture. For a gold stock
at 50 mg/ml, addition of 60 td results in an optimal ratio of
15 ug DNA/3 mg gold carrier. The gold carrier/DNA mix-
ture was allowed to incubate on ice for 1 minute and then
100 pl of precipitation buffer was added. The mixture was
allowed to incubate again on ice for 1 minute and then
briefly vortexed and centrifuged at 10,000 rpm at room
temperature for 10 seconds to pellet the gold carrier. The
supernatant was carefully removed with a pipette and the
pellet was washed with 500 pl of'ice cold 100% ethanol. The
gold particles were re-pelleted by centrifuging again at
10,000 rpm for 10 seconds. The ethanol was removed and 50
pl of ice cold ethanol was added to the gold mixture.
Immediately prior to applying the gold to macrocarriers, the
gold/ethanol was resuspended with a brief 1-2 second pulse
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at level 2 on a MISONIX sonicator using the micro tip.
Immediately after resuspension, 10 ul of the dispersed gold
particles was transferred to the macrocarrier and allowed to
dry in a sterile hood.

The two Prototheca moriformis strains (UTEX 1435 and
1441) were grown heterotrophically in liquid medium con-
taining 2% glucose from cryopreserved vials. Each strain
was grown to a density of 107 cells/ml. This seed culture was
then diluted with fresh media to a density of 10° cells/ml and
allowed to grow for 12-15 hours to achieve a final cell
density of approximately 10° cells/ml. The microalgae were
aliquoted into 50 ml conical tubes and centrifuged for 10
minutes at 3500 rpm. The cells were washed with fresh
medium and centrifuged again for 10 minutes at 3500 rpm.
The cells were then resuspended at a density of 1.25x10%
cells/ml in fresh medium.

In a sterile hood, 0.4 ml of the above-prepared cells were
removed and placed directly in the center of an agar plate
(without selection agent). The plate was gently swirled with
a level circular motion to evenly distribute the cells to a
diameter of no more than 3 cm. The cells were allowed to
dry onto the plates in the sterile hood for approximately
30-40 minutes and then were bombarded at a rupture disk
pressure of 1350 psi and a plate to macrocarrier distance of
6 cm. The plates were then covered and wrapped with
parafilm and allowed to incubate under low light for 24
hours.

After the 24 hour recovery, 1 ml of sterile medium (with
no glucose) was added to the lawn of cells. The cells were
resuspended using a sterile loop, applied in a circular motion
to the lawn of cells and the resuspended cells were collected
using a sterile pipette. The cells were then plated onto a fresh
agar plate with 2% glucose and 100 pg/ml G418. The
appearance of colonies occurred 7-12 days after plating.
Individual colonies were picked and grown in selective
medium with 2% glucose and 100 pg/ml G418. The wild-
type (untransformed) and transgenic cells were then ana-
lyzed for successful introduction, integration and expression
of the transgene.

Genomic DNA from transformed Prototheca moriformis
UTEX 1435 and 1441 and their wildtype (untransformed)
counterparts were isolated using standard methods. Briefly,
the cells were centrifuged for 5 minutes at 14,000 rpm in a
standard table top Eppendorf centrifuge (model 5418) and
flash frozen prior to DNA extraction. Cell pellets were lysed
by adding 200 ul. of Lysis buffer (100 mM Tris HCI, pH 8.0,
1% Lauryl Sarcosine, 50 mM NaCl, 20 mM EDTA, 0.25 M
sucrose, 0.5 mg/ml RNase A) for every 100-200 mg of cells
(wet weight) and vortexing for 30-60 seconds. Cetyl trim-
ethyammonium bromide (CTAB) and NaCl were brought to
1% and 1 M, respectively, and cell extracts were incubated
at 60-65° C. for 10 minutes. Subsequently, extracts were
clarified via centrifugation at 14,000 rpm for 10 minutes and
the resulting supernatant was extracted with an equal vol-
ume of phenol/chloroform/isoamyl alcohol (25:24:1).
Samples were then centrifuged for 5 minutes at 14,000 rpm
and the aqueous phase removed. DNA was precipitated with
0.7 volumes of isopropanol. DN A was pelleted via centrifu-
gation at 14,000 rpm for 10 minutes and washed twice with
80% ethanol, and once with ethanol. After drying, DNA was
resuspended in 10 mM Tris HCI, pH 8.0 and DNA concen-
trations were determined by using PicoGreen fluorescence
quantification assay (Molecular Probes).

RNA from transformed Prototheca moriformis UTEX
1435 and 1441 and their wildtype (untransformed) counter-
parts were isolated using standard methods. Briefly, the cells
were centrifuged for 5 minutes at 14,000 rpm in a standard
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table top Eppendorf centrifuge (model 5418) and flash
frozen before RNA extraction. Cell pellets were lysed by
addition of 1 mL of Trizol reagent (Sigma) for every 100 mg
of cells (wet weight) and by vortexing for 1-2 minutes.
Samples were incubated at room temperature for 5 minutes
and subsequently adjusted with 200 ulL of chloroform per 1
ml, of Trizol reagent. After extensive shaking, cells were
incubated at room temperature for 15 minutes and then
subjected to centrifugation at 14000 rpm for 15 minutes in
a refrigerated table top microcentrifuge. RNA partitioning to
the upper aqueous phase was removed and precipitated by
addition of isopropanol (500 uL. per 1 ml of Trizol reagent).
RNA was collected by centrifugation for 10 minutes and the
resulting pellet washed twice with 1 mL of 80% ethanol,
dried, and resuspended in RNAse free water. RNA concen-
tration was estimated by RiboGreen fluorescence quantifi-
cation assay (Molecular Probes).

Expression of neomycin phophotransferase gene confer-
ring G418 antibiotic resistance and yeast invertase was
assayed in non-transformed Prototheca moriformis UTEX
1435 and 1441 and transformants T98 (UTEX 1435 trans-
formant) and T97 (UTEX 1441 transformant) using reverse
transcription quantitative PCR analysis (RT-qPCR). 20 ng
total RNA (isolated as described above) was subjected to
one step RT-qPCR analysis using Script SYBR Green RT-
PCR kit (BioRad Laboratories) and primer pairs targeting
the neomycin resistance gene (forward primer S'CCGCCGT-
GCTGGACGTGGTG 3' and reverse primer 5' GGTG-
GCGGGGTCCAGGGTGT 3" SEQ ID NOs: 65 and 66,
respectively) and suc2 invertase transcripts (forward primer
5'CGGCCGGCGGCTCCTTCAAC 3' and reverse primer 5'
GGCGCTCCCGTAGGTCGGGT 3" SEQ ID NO: 67 and
68, respectively). Endogenous beta-tubulin transcripts
served as an internal positive control for PCR amplification
and as a normalization reference to estimate relative tran-
script levels.

Both codon optimized and non-codon optimized con-
structs were transformed into UTEX 1435 and 1441 Pro-
totheca moriformis cells as described above. Initially, trans-
formants were obtained with both constructs and the
presence of the transgene was verified by Southern blot
analysis followed by RTPCR to confirm the presence of the
DNA and mRNA from the transgene. For the Southern blot
analysis, genomic DNA isolated as described above was
electrophoresed on 0.7% agarose gels in 1xTAE buffer.
Gells were processed as described in Sambrook et al.
(Molecular Cloning; A Laboratory Manual, 2" Edition.
Cold Spring Harbor Laboratory Press, 1989). Probes were
prepared by random priming and hybridizations carried out
as described in Sambrook et al. Transformants from both the
codon optimized and the non-codon optimized constructs
showed the presence of the invertase cassette, while the
non-transformed control was negative. Invertase mRNA was
also detected in transformants with both the codon opti-
mized and non-codon optimized constructs.

To confirm that the transformants were expressing an
active invertase protein, the transformants were plated on
sucrose plates. The transformants containing the non-codon
optimized cassette failed to grow on the sucrose containing
plates, indicating that, while the gene and the mRNA
encoding the SUC2 protein were present, the protein was
either (1) not being translated, or (2) being translated, but not
accumulating to levels sufficient to allow for growth on
sucrose as the sole carbon source. The transformants with
the codon optimized cassette grew on the sucrose containing
plates. To assess the levels of invertase being expressed by
these transformants, two clones (T98 and T97) were sub-
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jected to an invertase assay of whole cells scraped from solid
medium and direct sampling and quantitation of sugars in
the culture supernatants after 48 hours of growth in liquid
medium containing 2% sucrose as the sole carbon source.

For the invertase assay, the cells (T98 and T97) were
grown on plates containing 2% sucrose, scraped off and
assayed for invertase activity. 10 pl of the scraped cells was
mixed with 40 pl of 50 mM NaOAc pH 5.1. 12.5 ul of 0.5M
sucrose was added to the cell mixture and incubated at 37°
C. for 10-30 minutes. To stop the reaction, 75 ul of 0.2M
K,HPO, was added. To assay for glucose liberated, 500 pl
of reconstituted reagent (glucose oxidase/peroxidase+o-Di-
anisidine) from Sigma (GAGO-20 assay kit) was added to
each tube and incubated at 37° C. for 30 minutes. A glucose
standard curve was also created at this time (range: 25 ug to
0.3 ug glucose). After incubation, 500 ul of 6N HCI was
added to stop the reaction and to develop the color. The
samples were read at 540 nm. The amount of glucose
liberated was calculated from the glucose standard curve
using the formula y=mx+c, where y is the 540 nm reading,
and x is pg of glucose. Weight of glucose was converted to
moles of glucose, and given the equimolar relationship
between moles of sucrose hydrolyzed to moles of glucose
generated, the data was expressed as nmoles of sucrose
hydrolyzed per unit time. The assay showed that both T98
and T97 clones were able to hydrolyze sucrose, indicating
that a functional sucrose invertase was being produced and
secreted by the cells.

For the sugar analysis on liquid culture media after 48
hours of algal growth, T97 and T98 cells were grown in 2%
sucrose containing medium for 48 hours and the culture
media were processed for sugar analysis. Culture broths
from each transformant (and negative non-transformed cell
control) were centrifuged at 14,000 rpm for 5 minutes. The
resulting supernatant was removed and subjected to HPLC/
ELSD (evaporative light scattering detection). The amount
of sugar in each sample was determined using external
standards and liner regression analysis. The sucrose levels in
the culture media of the transformants were very low (less
than 1.2 g/, and in most cases 0 g/L.). In the negative
controls, the sucrose levels remained high, at approximately
19 g/L. after 48 hours of growth.

These results were consistant with the invertase activity
results, and taken together, indicated that the codon opti-
mized transformants, T97 and T98, secreted an active
sucrose invertase that allowed the microalgae to utilize
sucrose as the sole carbon source in contrast to (1) the
non-codon optimized transformants and (2) the non-trans-
formed wildtype microalgae, both of which could not utilize
sucrose as the sole carbon source in the culture medium.

Prototheca moriformis strains, T98 and T97, expressing a
functional, secreted sucrose invertase (SUC2) transgene
were assayed for growth and lipid production using sucrose
as the sole carbon source.

Wild type (untransformed), T98 and T97 strains were
grown in growth media (as described above) containing
either 4% glucose or 4% sucrose as the sole carbon source
under heterotrophic conditions for approximately 6 days.
Growth, as determined by A750 optical density readings
were taken of all four samples every 24 hours and the dry
cell weight of the cultures and lipid profiles were determined
after the 6 days of growth. The optical density readings of
the transgenic strains grown in both the glucose and sucrose
conditions were comparable to the wildtype strains grown in
the glucose conditions. These results indicate that the trans-
genic strains were able to grow on either glucose or sucrose
as the sole carbon source at a rate equal to wildtype strains
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in glucose conditions. The non-transformed, wildtype
strains did not grow in the sucrose-only condition.

The biomass for the wildtype strain grown on glucose and
T98 strain grown on sucrose was analyzed for lipid profile.
Lipid samples were prepared from dried biomass (ly-
ophilized) using an Acid Hydrolysis System (Ankom Tech-
nology, NY) according to manufacturer’s instructions. Lipid
profile determinations were carried as described in Example
4. The lipid profile for the non-transformed Prototheca
moriformis UTEX 1435 strain, grown on glucose as the sole
carbon source and two colonal T98 strains (UTEX 1435
transformed with a sucrose invertase transgene), grown on
sucrose as the sole carbon source, are disclosed in Table 13
(wildtype UTEX 1435 and T98 clone 8 and clone 11 below.
C:19:0 lipid was used as an internal calibration control.

TABLE 13

Lipid profile of wildtype UTEX 1435 and UTEX 1435 clones
with suc? transgene.

wildtype (Area T98 clone 11 T98 clone 8

Name % - ISTD) (Area % - ISTD) (Area % - ISTD)
C12:0 0.05 0.05 0.05
C 14:0 1.66 1.51 1.48
C 1411 0.04 nd nd
C 15:0 0.05 0.05 0.04
C 16:0 27.27 26.39 26.50
C 161 0.86 0.80 0.84
C17:0 0.15 0.18 0.14
C17:1 0.05 0.07 0.05
C 18:0 3.35 4.37 4.50
C18:1 53.05 54.48 54.50
C 18:2 11.79 10.33 10.24
C 19:0 (ISTD) — — —
C 18:3 alpha 0.90 0.84 0.81
C 20:0 0.32 0.40 0.38
C 20:1 0.10 0.13 0.12
C 20:1 0.04 0.05 0.04
C 22:0 0.12 0.16 0.12
C 203 0.07 0.08 0.07
C 24:0 0.12 0.11 0.10

nd - denotes none detected

Oil extracted from wildtype Prototheca moriformis
UTEX 1435 (via solvent extraction or using an expeller
press (see methods in Example 44 above) was analyzed for
carotenoids, chlorophyll, tocopherols, other sterols and
tocotrienols. The results are summarized below in Table 14.

TABLE 14

Carotenoid, chlorophyll, tocopherol/sterols and tocotrienol
analysis in oil extracted from Prototheca moriformis
(UTEX 1435).

Pressed oil Solvent extracted

(meg/ml) oil (mecg/ml)
cis-Lutein 0.041 0.042
trans-Lutein 0.140 0.112
trans-Zeaxanthin 0.045 0.039
cis-Zeaxanthin 0.007 0.013
t-alpha-Crytoxanthin 0.007 0.010
t-beta-Crytoxanthin 0.009 0.010
t-alpha-Carotene 0.003 0.001
c-alpha-Carotene none detected none detected
t-beta-Carotene 0.010 0.009
9-cis-beta-Carotene 0.004 0.002

Lycopene none detected none detected
Total Carotenoids 0.267 0.238
Chlorophyll <0.01 mg/kg <0.01 mg/kg
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TABLE 14-continued

Carotenoid, chlorophyll, tocopherol/sterols and tocotrienol
analysis in oil extracted from Prototheca moriformis
(UTEX 1435).

Tocopherols and Sterols

Pressed oil Solvent extracted
(mg/100 g) oil (mg/100 g)
gamma Tocopherol 0.49 0.49
Campesterol 6.09 6.05
Stigmasterol 47.6 47.8
Beta-sitosterol 11.6 11.5
Other sterols 445 446
Tocotrienols
Pressed oil Solvent extracted
(mg/g) oil (mg/g)
alpha Tocotrienol 0.26 0.26
beta Tocotrienol <0.01 <0.01
gamma Tocotrienol 0.10 0.10
detal Tocotrienol <0.01 <0.01
Total Tocotrienols 0.36 0.36

The ability of using sucrose as the sole carbon source as
the selection factor for clones containing the suc2 transgene
construct instead of G418 (or another antibiotic) was
assessed using the positive suc2 gene transformants. A
subset of the positive transformants was grown on plates
containing sucrose as the sole carbon source and without
antibiotic selection for 24 doublings. The clones were then
challenged with plates containing glucose as the sole carbon
source and G418. There was a subset of clones that did not
grow on the glucose+G418 condition, indicating a loss of
expression of the transgene. An additional experiment was
performed using a plate containing sucrose as the sole
carbon source and no G418 and streaking out a suc2
transgene expressing clone on one half of the plate and
wild-type Prototheca moriformis on the other half of the
plate. Growth was seen with both the wild-type and trans-
gene-containing Prototheca moriformis cells. Wild-type
Prototheca moriformis has not demonstrated the ability to
grow on sucrose, therefore, this result shows that unlike
antibiotic resistance, the use of sucrose/invertase selection is
not cell-autonomous. It is very likely that the transformants
were secreting enough sucrose invertase into the plate/media
to support wildtype growth as the sucrose was hydrolyzed
into fructose and glucose.

Example 4
Recombinant Prototheca with Exogenous TE Gene

As described above, Prototheca strains can be trans-
formed with exogenous genes. Prototheca moriformis
(UTEX 1435) was transformed, using methods described
above, with either Umbellularia californica C12 thio-
esterase gene or Cinnamomum camphora C14 thiotesterase
gene (both codon optimized according to Table 1). Each of
the transformation constructs contained a Chlorella soro-
kiniana glutamate dehydrogenase promoter/S'UTR region
(SEQ ID NO: 69) to drive expression of the thioesterase
transgene. The thioesterase transgenes coding regions of
Umbellularia californica C12 thioesterase (SEQ 1D NO: 70)
or Cinnamomum camphora C14 thioesterase (SEQ ID NO:
71), each with the native putative plastid targeting sequence.
Immediately following the thioesterase coding sequence is
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the coding sequence for a c-terminal 3x-FLAG tag (SEQ ID
NO: 72), followed by the Chlorella vuigaris nitrate reduc-
tase 3'UTR (SEQ ID NO: 73). A diagram of the thioesterase
constructs that were used in the Prototheca moriformis
transformations is shown in FIG. 9.

Preparation of the DNA, Gold Microcarrier and Prototh-
eca Moriformis (Utex 1435) cells were performed using the
methods described above in Example 3. The microalgae
were bombarded using the gold microcarrier-DNA mixture
and plated on selection plates containing 2% glucose and
100 pg/ml G418. The colonies were allowed to develop for
7 to 12 days and colonies were picked from each transfor-
mation plate and screened for DNA construct incorporation
using Southern blots assays and expression of the thio-
esterase constructs were screened using RT-PCR.

Positive clones were picked from both the C12 and C14
thioesterase transformation plates and screened for construct
incorporation using Southern blot assays. Southern blot
assays were carried out using standard methods (and
described above in Example 3) using an optimized ¢ probes,
based on the sequence in SEQ ID NO: 70 and SEQ ID NO:
71. Transforming plasmid DNA was run as a positive
control. Out of the clones that were positive for construct
incorporation, a subset was selected for reverse transcription
quantitative PCR (RT-qPCR) analysis for C12 thioesterase
and C14 thioesterase expression.

RNA isolation was performed using methods described in
Example 3 above and RT-qPCR of the positive clones were
performed using 20 ng of total RNA from each clone using
the below-described primer pair and iScript SYBR Green
RT-PCR kit (Bio-Rad Laboratories) according to manufac-
turer’s protocol. Wildtype (non-transformed) Prototheca
moriformis total RNA was included as a negative control.
mRNA expression was expressed as relative fold expression
(RFE) as compared to negative control. The primers that
were used in the C12 thioesterase transformation RT-qPCR
screening were:

U. californica C12 thioesterase PCR primers:

(SEQ ID NO: 74)
Forward: 5' CTGGGCGACGGCTTCGGCAC 3!

(SEQ ID NO: 75)
Reverse: 5' AAGTCGCGGCGCATGCCGTT 3!

The primers that were used in the C14 thioesterase
transformation RT-qPCR screening were:
Cinnamomum camphora C14 thioesterase PCR primers:

(SEQ ID NO: 76)
Forward: 5' TACCCCGCCTGGGGCGACAC 3!

(SEQ ID NO: 77)
Reverse: 5' CTTGCTCAGGCGGCGGGTGC 3!

RT-qPCR results for C12 thioesterase expression in the
positive clones showed an increased RFE of about 40 fold to
over 2000 fold increased expression as compared to negative
control. Similar results were seen with C14 thioesterase
expression in the positive clones with an increase RFE of
about 60-fold to over 1200 fold increased expression as
compared to negative control.

A subset of the positive clones from each transformation
(as screened by Southern blotting and RT-qPCR assays)
were selected and grown under nitrogen-replete conditions
and analyzed for total lipid production and profile. Lipid
samples were prepared from dried biomass from each clone.
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20-40 mg of dried biomass from each transgenic clone was
resuspended in 2 mL of 3% H,SO, in MeOH, and 200 pl of
toluene containing an appropriate amount of a suitable
internal standard (C19:0) was added. The mixture was
sonicated briefly to disperse the biomass, then heated at
65-70° C. for two hours. 2 mL of heptane was added to
extract the fatty acid methyl esters, followed by addition of
2 mL of 6% K,CO; (aq) to neutralize the acid. The mixture
was agitated vigorously, and a portion of the upper layer was
transferred to a vial containing Na,SO,, (anhydrous) for gas

90

chromatography analysis using standard FAME GC/FID
(fatty acid methyl ester gas chromatography flame ionization
detection) methods. Lipid profile (expressed as Area %) of
the positive clones as compared to wildtype negative control
are summarized in Tables 15 and 16 below. As shown in
Table 15, the fold increase of C12 production in the C12
transformants ranged from about a 5-fold increase (clone
C12-5) to over 11-fold increase (clone C12-1). Fold increase
of C14 production in the C14 transformants ranged from
about a 1.5 fold increase to about a 2.5 fold increase.

TABLE 15

Summary of total lipid profile of the Prototheca moriformis C12

thioesterase transformants.

Wildtype C12-1 Cl12-2 Cl12-3 Cl2-4 Cl12-5 Cl2-6 Cl12-7 C12-8
C6:0 0.03 nd nd nd nd nd nd nd nd
C8:0 0.11 0.09 nd 0.11 nd nd nd nd nd
C10:0 nd nd nd 0.01 0.01 nd nd 0.01 nd
C12:0 0.09 1.04 0.27 0.72 0.71 0.50 0.67 0.61 0.92
C14:0 2.77 2.68 2.84 2.68 2.65 2.79 2.73 2.56 2.69
Cl4:1 0.01 nd nd 0.02 nd nd nd 0.01 nd
C15:0 0.30 0.09 0.10 0.54 0.19 0.09 0.13 0.97 0.09
C15:1 0.05 nd nd 0.02 nd nd nd nd nd
C16:0 24.13 23.12 24.06 2291 22.85 23.61 23.14 2190  23.18
C16:1 0.57 0.62 0.10 0.52 0.69 0.63 0.69 0.49 0.63
C17:0 0.47 0.24 0.27 1.02 0.36 0.17 0.26 2.21 0.19
C17:1 0.08 nd 0.09 0.27 0.10 0.05 0.09 0.80 0.05
C18:0 nd nd 2.14 1.75 2.23 2.16 2.38 1.62 2.47
C18:1 22.10 23.15 24.61 21.90  23.52 19.30  22.95 2022 22.85
C18:1 nd 0.33 0.24 nd nd 0.09 0.09 nd 0.11
C18:2 37.16 34.71 35.29 3544 3524 3629 3554 36.01 35.31
C18:3 11.68 11.29 9.26 11.62 10.76 13.61 10.64 11.97 10.81
alpha
C20:0 0.15 0.16 0.19 0.16 0.16 0.14 0.18 0.14 0.18
C20:1 0.22 0.17 0.19 0.20 0.21 0.19 0.21 0.20 0.21
C20:2 0.05 nd 0.04 0.05 0.05 0.05 0.04 0.05 0.04
C22:0 nd nd nd 0.01 nd nd nd 0.02 nd
C22:1 nd nd nd nd nd 0.01 nd 0.01 nd
C20:3 0.05 nd 0.07 0.06 0.06 0.10 0.07 0.05 0.06
C20:4 nd nd nd nd nd 0.02 nd nd nd
C24:0 nd nd 0.24 0.01 0.20 0.19 0.19 0.14 0.20
TABLE 16
Summary of total lipid profile of the Prototheca moriformis Cl14
thioesterase transformants.
Wildtype Cl14-1 Cl14-2 Cl4-3 Cl44 Cl45 Cl46 Cl4-7
C6:0 0.03 nd nd nd nd nd nd nd
C8:0 0.11 nd nd nd nd nd nd nd
C10:0 nd 0.01 nd 0.01 nd 0.01 nd nd
C12:0 0.09 0.20 0.16 0.25 0.21 0.19 0.40 0.17
C14:0 2.77 4.31 4.76 4.94 4.66 4.30 6.75 4.02
Cl4:1 0.01 nd 0.01 nd nd 0.01 nd nd
C15:0 0.30 0.43 0.45 0.12 0.09 0.67 0.10 0.33
C15:1 0.05 nd nd nd nd nd nd nd
C16:0 24.13 22.85 2320  23.83 23.84 2348 24.04 2334
C16:1 0.57 0.65 0.61 0.60 0.60 0.47 0.56 0.67
C17:0 0.47 0.77 0.76 0.21 0.19 1.11 0.18 0.54
C17:1 0.08 0.23 0.15 0.06 0.05 0.24 0.05 0.12
C18:0 nd 1.96 1.46 2.48 2.34 1.84 2.50 2.06
C18:1 22.10 22.25 19.92 2236 20.57 19.50 20.63 22.03
C18:1 nd nd nd nd nd nd 0.10 nd
C18:2 37.16 34.97 36.11 3435 3570 35.49 34.03 35.60
C18:3 11.68 10.71 12.00 10.15 11.03 12.08 9.98 10.47
alpha
C20:0 0.15 0.16 0.19 0.17 0.17 0.14 0.18 0.16
C20:1 0.22 0.20 0.12 019 0.19 0.19 0.17 0.20
C20:2 0.05 0.04 0.02 0.03 0.04 0.05 0.03 0.04
C22:0 nd nd nd nd 0.02 0.01 nd nd
C22:1 nd 0.01 nd nd nd nd nd 0.01
C20:3 0.05 0.08 0.03 0.06 0.09 0.05 0.05 0.07
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Summary of total lipid profile of the Prototheca moriformis Cl14

thioesterase transformants.

Wildtype Cl14-1 Cl14-2 Cl4-3 Cl44 Cl4-5 Cl46 Cl4-7
C20:4 nd 0.01 nd nd nd nd 0.02 nd
C24:0 nd 0.17 0.14 0.19 0.20 0.16 0.22 0.17
10

The above-described experiments indicate the successful
transformation of Prototheca moriformis (UTEX 1435) with
transgene constructs of two different thioesterases (C12 and
C14), which involved not only the successful expression of
the transgene, but also the correct targeting of the expressed

chain (C8-C14) thioesterase expression and subsequent
medium chain lipid production in Prototheca moriformis
(UTEX 1435), several putative algal plastid targeting
sequences were cloned from Chlorella protothecoides and

: . . 15 Prototheca moriformis. Thioesterase constructs based on
protein to the plastid and a functional effect (the expected . . . .
P . Cuphea hookeriana C8-10 thioesterase, Umbellularia cali-
change in lipid profile) as a result of the transformation. The q C12 thi 4Ci hora Cl4
same transformation experiment was performed using an for mea thioesterase, and Cinnamomum camphora
expression construct containing a codon-optimized (accord- thioesterase were made using made with a Chlorella soro-
. . . S2a1, T
ing to Table 1) Cuphea hookeriana C8-10 thioesterase kiniana glutamate dehydrogenase promoter/S'UTR and a
coding region with the native plastid targeting sequence 20 Chlorella vulgaris nitrate reductase 3'UTR. The thioesterase
(SEQ ID NO: 78) yielded no change in lipid profile. While coding sequences were modified by removing the native
Fhe introduction of the Cuphea hookeriana C8-10 transgene plastid targeting sequences and replacing them with plastid
into Prototheca moriformis (UTEX 1435) was successful targeting sequences from the Chlorella protothecoides and
and conﬁrme?d by Southern blot analy51sf no change in C8 or the Prototheca moriformis genomes. The thioesterase
C10 fatty acid production was detected in the transformants 25 . d thei di
Compared to the Wlldtype strain expression constructs and their corresponding sequence
’ identification numbers are listed below. Each transformation
Example 5 plasmid also contained a Neo resistance construct that was
identical to the ones described in Example 3 above. Addi-
Generation of Prototheca moriformis Strain with 30 tionally, another algal-derived promoter, the Chlamydomo-
Exogenous Plant TE with Algal Plastid Targeting nas reinhardtii f-tubulin promoter, was also tested in con-
Sequence junction with the thioesterase constructs. “Native” plastid
targeting sequence refers to the higher plant thioesterase
In order to investigate whether the use of algal chloro- plastid targeting sequence. A summary of the constructs used
plast/plastid targeting sequences would improve medium in these experiments is provided below:
Construct Promoter/ Plastid
Name SUTR targeting seq Gene 3'UTR SEQ ID NO.
Construct 1 C. sorokiniana C. protothecoides Cuphea C. vulgaris  SEQ ID NO: 79
glutamate stearoyl ACP hookeriana nitrate
dehydrogenase desaturase C8-10 TE reductase
Construct 2 C. sorokiniana P. moriformis Cuphea C. vulgaris  SEQ ID NO: 80
glutamate delta 12 fatty hookeriana nitrate
dehydrogenase acid desaturase C8-10 TE reductase
Construct 3 C. sorokiniana P. moriformis Cuphea C. vulgaris  SEQ ID NO: 81
glutamate isopentenyl hookeriana nitrate
dehydrogenase diphosphate C8-10 TE reductase
synthase
Construct 4 C. sorokiniana P. moriformis Umbellularia  C. vulgaris  SEQ ID NO: 82
glutamate isopentenyl californica nitrate
dehydrogenase diphosphate C12 TE reductase
synthase
Construct 5 C. sorokiniana P. moriformis Umbellularia  C. vulgaris  SEQ ID NO: 83
glutamate stearoyl ACP californica nitrate
dehydrogenase desaturase C12 TE reductase
Construct 6 C. sorokiniana C. protothecoides Umbellularia  C. vulgaris ~ SEQ ID NO: 84
glutamate stearoyl ACP californica nitrate
dehydrogenase desaturase C12 TE reductase
Construct 7 C. sorokiniana P. moriformis Umbellularia  C. vulgaris  SEQ ID NO: 85
glutamate delta 12 fatty californica nitrate
dehydrogenase acid desaturase C12 TE reductase
Construct 8  C. sorokiniana C. protothecoides Cinnamomum  C. vulgaris ~ SEQ ID NO: 86
glutamate stearoyl ACP camphora nitrate
dehydrogenase desaturase Cl4 TE reductase
Construct 9 Chlamydomonas  Native Cuphea C. vulgaris  SEQ ID NO: 113
reinhardtii hookeriana nitrate
B-tubulin C8-10 TE reductase
Construct 10 Chlamydomonas P moriformis Cuphea C. vulgaris  SEQ ID NO: 114
reinhardtii isopentenyl hookeriana nitrate
B-tubulin diphosphate C8-10 TE reductase

synthase
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Construct Promoter/ Plastid

Name SUTR targeting seq Gene 3UTR SEQ ID NO.

Construct 11 Chlamydomonas — P. moriformis Cuphea C. vulgaris  SEQ ID NO: 115
reinhardtii delta 12 fatty hookeriana nitrate
B-tubulin acid desaturase C8-10 TE reductase

Construct 12 Chlamydomonas  C. protothecoides Cuphea C. vulgaris  SEQ ID NO: 116
reinhardtii stearoyl ACP hookeriana nitrate
B-tubulin desaturase C8-10 TE reductase

Construct 13 Chlamydomonas — P. moriformis Cuphea C. vulgaris  SEQ ID NO: 117
reinhardtii stearoyl ACP hookeriana nitrate
B-tubulin desaturase C8-10 TE reductase

Construct 14 Chlamydomonas  Native Umbellularia  C. vulgaris  SEQ ID NO: 118
reinhardtii californica nitrate
B-tubulin CI12 TE reductase

Construct 15 Chlamydomonas — P. moriformis Umbellularia  C. vulgaris  SEQ ID NO: 119
reinhardtii isopentenyl californica nitrate
B-tubulin diphosphate CI12 TE reductase

Construct 16 Chlamydomonas — P. moriformis Umbellularia  C. vulgaris  SEQ ID NO: 120
reinhardtii delta 12 fatty californica nitrate
B-tubulin acid desaturase CI12 TE reductase

Construct 17 Chlamydomonas  C. protothecoides Umbellularia  C. vulgaris  SEQ ID NO: 121
reinhardtii stearoyl ACP californica nitrate
B-tubulin desaturase CI12 TE reductase

Construct 18 Chlamydomonas — P. moriformis Umbellularia  C. vulgaris  SEQ ID NO: 122
reinhardtii stearoyl ACP californica nitrate
B-tubulin desaturase CI12 TE reductase

Construct 19 Chlamydomonas  Native Cinnamomum  C. vulgaris ~ SEQ ID NO: 123
reinhardtii camphora nitrate
B-tubulin Cl4 TE reductase

Construct 20 Chlamydomonas — P. moriformis Cinnamomum  C. vulgaris ~ SEQ ID NO: 124
reinhardtii isopentenyl camphora nitrate
B-tubulin diphosphate Cl4 TE reductase

synthase

Construct 21 Chlamydomonas — P. moriformis Cinnamomum  C. vulgaris ~ SEQ ID NO:
reinhardtii delta 12 fatty camphora nitrate
B-tubulin acid desaturase Cl4 TE reductase

Construct 22 Chlamydomonas  C. protothecoides Cinnamomum  C. vulgaris ~ SEQ ID NO: 87
reinhardtii stearoyl ACP camphora nitrate
B-tubulin desaturase Cl4 TE reductase

Construct 23 Chlamydomonas — P. moriformis Cinnamomum  C. vulgaris  SEQ ID NO: 88
reinhardtii stearoyl ACP camphora nitrate
B-tubulin desaturase Cl4 TE reductase

Each construct was transformed into Prototheca morifor-
mis (UTEX 1435) and selection was performed using G418
using the methods described in Example 4 above. Several
positive clones from each transformation were picked and
screened for the presence thioesterase transgene using
Southern blotting analysis. Expression of the thioesterase
transgene was confirmed using RT-PCR. A subset of the
positive clones (as confirmed by Southern blotting analysis
and RT-PCR) from each transformation was selected and
grown for lipid profile analysis. Lipid samples were pre-
pared from dried biomass samples of each clone and lipid
profile analysis was performed using acid hydrolysis meth-
ods described in Example 4. Changes in area percent of the
fatty acid corresponding to the thioesterase transgene were
compared to wildtype levels, and clones transformed with a
thioesterase with the native plastid targeting sequence.

As mentioned in Example 4, the clones transformed with
Cuphea hookeriana C8-10 thioesterase constructs with the
native plastid targeting sequence had the same level of C8
and C10 fatty acids as wildtype. The clones transformed
with Cuphea hookeriana Cq_,, thioesterase constructs (Con-
structs 1-3) with algal plastid targeting sequences had over
a 10-fold increase in C10 fatty acids for Construct 3 and over
40-fold increase in C10 fatty acids for Constructs 1 and 2 (as
compared to wildtype). The clones transformed with Umbel-
lularia californica C12 thioesterase constructs with the
native plastid targeting sequence had a modest 6-8 fold
increase in C12 fatty acid levels as compared to wildtype.
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The clones transformed with the Umbellularia californica
C12 thioesterase constructs with the algal plasmid targeting
constructs (Constructs 4-7) had over an 80-fold increase in
C12 fatty acid level for Construct 4, about an 20-fold
increase in C12 fatty acid level for Construct 6, about a
10-fold increase in C12 fatty acid level for Construct 7 and
about a 3-fold increase in C12 fatty acid level for Construct
5 (all compared to wildtype). The clones transformed with
Cinnamomum camphora C14 thioesterase with either the
native plastid targeting sequence or the construct 8 (with the
Chlorella protothecoides stearoyl ACP desaturase plastid
targeting sequence) had about a 2-3 fold increase in C14
fatty acid levels as compared to wildtype. In general clones
transformed with an algal plastid targeting sequence thio-
esterase constructs had a higher fold increase in the corre-
sponding chain-length fatty acid levels than when using the
native higher plant targeting sequence.

A. Clamydomonas reinhartii §-Tubulin Promoter

Additional heterologous thioesterase expression con-
structs were prepared using the Chlamydomonas reinhardtii
p-tubulin promoter instead of the C. sorokinana glutamate
dehydrogenase promoter. The construct elements and
sequence of the expression constructs are listed above. Each
construct was transformed into Prototheca moriformis
UTEX 1435 host cells using the methods described above.
Lipid profiles were generated from a subset of positive
clones for each construct in order to assess the success and
productivity of each construct. The lipid profiles compare
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the fatty acid levels (expressed in area %) to wildtype host
cells. The “Mean” column represents the numerical average
of the subset of positive clones. The “Sample” column
represents the best positive clone that was screened (best
being defined as the sample that produced the greatest
change in area % of the corresponding chain-length fatty
acid production). The “low-high” column represents the
lowest area % and the highest area % of the fatty acid from
the clones that were screened. The lipid profiles results of

Constructs 9-23 are summarized below.

Construct 9. Cuphea hookeriana C8-10 TE

Fatty Acid wildtype Mean Sample low/high
C 8:0 0 0.05 0.30 0-0.29
C 10:0 0.01 0.63 2.19 0-2.19
C12:0 0.03 0.06 0.10 0-0.10
C 14:0 1.40 1.50 1.41 1.36-3.59
C 16:0 24.01 24.96 24.20

C16:1 0.67 0.80 0.85

C17:0 0 0.16 0.16

C17:1 0 0.91 0

C 18:0 4.15 17.52 3.19

C18:1 55.83 44.81 57.54

C18:2 10.14 7.58 8.83

C 18:3a 0.93 0.68 0.76

C 20:0 0.33 0.21 0.29

C 24:0 0 0.05 0.11

Construct 10. Cuphea hookeriana C8-10 TE
Fatty Acid wildtype Mean Sample low/high
C 8:0 0 0.01 0.02 0-0.03
C 10:0 0 0.16 0.35 0-0.35
C 12:0 0.04 0.05 0.07 0-0.07
C 14:0 1.13 1.62 1.81 0-0.05
C 14:1 0 0.04 0.04
C 15:0 0.06 0.05 0.05
C 16:0 19.94 26.42 28.08
C 16:1 0.84 0.96 0.96
C17:0 0.19 0.14 0.13
C17:1 0.10 0.06 0.05
C 18:0 2.68 3.62 3.43
C 18:1 63.96 54.90 53.91
C 18:2 9.62 9.83 9.11
C 18:3y 0 0.01 0
C 18:3a 0.63 0.79 0.73
C 20:0 0.26 0.35 0.33
C 20:1 0.06 0.08 0.09
C 20:1 0.08 0.06 0.07
C 22:0 0 0.08 0.09
C 24:0 0.13 0.13 0.11

Construct 11. Cuphea hookeriana C8-10 TE

Fatty Acid wildtype Mean Sample low/high
C 8:0 0 0.82 1.57 0-1.87
C 10:0 0 3.86 6.76 0-6.76
C12:0 0.04 0.13 0.20 0.03-0.20
C 14:0 1.13 1.80 1.98 1.64-2.05
C 14:1 0 0.04 0.04
C 15:0 0.06 0.06 0.06
C 16:0 19.94 25.60 25.44
C16:1 0.84 1.01 1.02
C17:0 0.19 0.13 0.11
C17:1 0.10 0.06 0.05
C 18:0 2.68 2.98 2.38
C18:1 63.96 51.59 48.85
C18:2 9.62 9.85 9.62
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Construct 11. Cuphea hookeriana C8-10 TE

Fatty Acid wildtype Mean Sample low/high
C 18:3y 0 0.01 0

C 183a 0.63 091 0.92

C 20:0 0.26 0.29 0.26

C 20:1 0.06 0.06 0

C 20:1 0.08 0.06 0.03

C 22:0 0 0.08 0.08

C 24:0 0.13 0.06 0

Construct 12. Cuphea hookeriana C8-10 TE

Fatty Acid wildtype Mean Sample low/high
C 8:0 0 0.31 0.85 0-0.85
C 10:0 0 2.16 4.35 0.20-4.35
C12:0 0.04 0.10 0.15 0-0.18
C 14:0 1.13 1.96 1.82 1.66-2.97
C14:1 0 0.03 0.04

C 15:0 0.06 0.07 0.07

C 16:0 19.94 26.08 25.00

C 161 0.84 1.04 0.88

C17:0 0.19 0.16 0.16

C17:1 0.10 0.05 0.07

C 18:0 2.68 3.02 3.19

C18:1 63.96 51.08 52.15

C 18:2 9.62 11.44 9.47

C1 8:3y 0 0.01 0

C 183a 0.63 0.98 0.90

C 20:0 0.26 0.30 0.28

C 20:1 0.06 0.06 0.05

C 20:1 0.08 0.04 0

C 22:0 0 0.07 0

C 24:0 0.13 0.05 0

Construct 14. Umbellularia californica C12 TE

Fatty Acid wildtype Mean Sample low/high
C 10:0 0.01 0.02 0.03 0.02-0.03
C12:0 0.03 2.62 3.91 0.04-3.91
C 14:0 1.40 1.99 2.11 1.83-2.19
C 16:0 24.01 27.64 27.01
C 161 0.67 0.92 0.92
C 18:0 4.15 2.99 2.87
C18:1 55.83 53.22 52.89
C 18:2 10.14 8.68 8.41
C 183a 0.93 0.78 0.74
C 20:0 0.33 0.29 0.27

Construct 15. Umbellularia californica C12 TE

Fatty Acid wildtype Mean Sample low/high
C 10:0 0 0.05 0.08 0-0.08
C12:0 0.04 8.12 12.80 4.35-12.80
C 130 0 0.02 0.03 0-0.03
C 14:0 1.13 2.67 3.02 2.18-3.37
C14:1 0 0.04 0.03 0.03-0.10
C 15:0 0.06 0.07 0.06

C 16:0 19.94 25.26 23.15

C 161 0.84 0.99 0.86

C17:0 0.19 0.14 0.14

C17:1 0.10 0.05 0.05

C 18:0 2.68 2.59 2.84

C18:1 63.96 46.91 44.93

C 18:2 9.62 10.59 10.01

C 183a 0.63 0.92 0.83
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Construct 15. Umbellularia californica C12 TE

Construct 18. Umbellularia californica C12 TE

Fatty Acid wildtype Mean Sample low/high 5 Fatty Acid wildtype Mean Sample low/high
C 20:0 0.26 0.27 0.24 C 16:1 0.84 0.86 0.83
C 20:1 0.06 0.06 0.06 C17:0 0.19 0.15 0.14
C 20:1 0.08 0.05 0.04 C17:1 0.10 0.06 0.05
C 22:0 0 0.07 0.09 C 18:0 2.68 331 2.96
C 24:0 0.13 0.13 0.12 C 18:1 63.96 51.26 49.70
10 C 18:2 9.62 10.18 10.02
C183y 0 0.01 0.02
C 18:3a 0.63 0.86 0.86
C 20:0 0.26 0.32 0.29
Construct 16. Umbellularia californica C12 TE 8 ;8} 882 88; 882
. . . 15 C 22:0 0 0.08 0.08
Fatty Acid wildtype Mean Sample low/high C 24:0 013 013 013
C 10:0 0 0.03 0.04 0.02-0.04
C12:0 0.04 243 5.32 0.98-5.32
C 13:0 0 0.01 0.02 0-0.02
C 14:0 1.13 1.77 1.93 1.62-1.93
C 141 0 0.03 0.02 0.02-0.04 20 Construct 19. Cinnamomum camphora C14 TE
C 15:0 0.06 0.06 0.05
C 16:0 19.94 24.89 22.29 Fatty Acid wildtype Mean Sample low/high
C 16:1 0.84 0.91 0.82
C17:0 0.19 0.16 0.15 C 10:0 0.02 0.01 0.01 0.01-0.02
C17:1 0.10 0.06 0.06 C 12:0 0.05 0.27 0.40 0.08-0.41
C 18:0 2.68 3.81 3.67 25 C 14:0 1.52 4.47 5.81 2.10-5.81
C 18:1 63.96 53.19 52.82 C 16:0 25.16 28.14 28.55
C 18:2 9.62 10.38 10.57 C 16:1 0.72 0.84 0.82
C 18:3a 0.63 0.80 0.77 C 18:0 3.70 3.17 2.87
C 20:0 0.26 0.35 0.32 C 18:1 54.28 51.89 51.01
C 20:1 0.06 0.06 0.07 C 18:2 12.24 9.36 8.62
C 20:1 0.08 0.07 0.08 30 C 18:3a 0.87 0.74 0.75
C 22:0 0 0.08 0.07 C 20:0 0.33 0.33 0.31
C 24:0 0.13 0.15 0.14
15 Construct 20. Cinnamomum camphora C14 TE
Construct 17. Umbellularia californica C12 TE
Fatty Acid wildtype Mean Sample low/high
Fatty Acid wildtype Mean Sample low/high
C 10:0 0.01 0.01 0.02 0.01-0.02
C 10:0 0 0.04 0.07 0.03-0.08 C 12:0 0.03 0.39 0.65 0.08-0.65
C12:0 0.04 7.02 14.11 4.32-14.11 C 13:0 0 0.01 0.01 0.01-0.02
C 13:0 0 0.03 0.04 0.01-0.04 40 C 14:0 1.40 5.61 8.4 2.1-8.4
C 14:0 1.13 2.25 3.01 1.95-3.01 C 1411 0 0.03 0.03 0.02-0.03
C 14:1 0 0.03 0.03 0.02-0.03 C 15:0 0 0.06 0.07
C 15:0 0.06 0.06 0.06 C 16:0 24.01 25.93 25.57
C 16:0 19.94 23.20 21.46 C 16:1 0.67 0.75 0.71
C 16:1 0.84 0.82 0.77 C17:0 0 0.13 0.12
C17:0 0.19 0.15 0.14 45 C17:1 0 0.05 0.05
C17:1 0.10 0.06 0.06 C 18:0 4.15 3.30 3.23
C 18:0 2.68 3.47 2.93 C 18:1 55.83 51.00 48.48
C 18:1 63.96 50.30 45.17 C 18:2 10.14 10.38 10.35
C 18:2 9.62 1033 9.98 C 18:3a 0.93 0.91 0.88
C 183y 0 0.01 0 C 20:0 0.33 0.35 0.32
C 18:3a 0.63 0.84 0.86 50 C 20:1 0 0.08 0.08
C 20:0 0.26 0.32 0.27 C 20:1 0 0.07 0.07
C 20:1 0.06 0.07 0.06 C 22:0 0 0.08 0.08
C 20:1 0.08 0.06 0.06 C 24:0 0 0.14 0.13
C 22:0 0 0.08 0.09
C 24:0 0.13 0.14 0.13
55
Construct 21. Cinnamomum camphora C14 TE
Construct 18. Umbellularia californica C12 TE Fatty Acid wildtype Mean Sample low/high
Fatty Acid wildtype Mean Sample low/high 60 C 10:0 0.01 0.01 0.01 0-0.01
C 12:0 0.03 0.10 0.27 0.04-0.27
C 10:0 0 0.03 0.05 0.01-0.05 C 14:0 1.40 2.28 4.40 1.47-4.40
C12:0 0.04 5.06 7.77 0.37-7.717 C 16:0 24.01 26.10 26.38
C 13:0 0 0.02 0 0-0.03 C 16:1 0.67 0.79 0.73
C 14:0 1.13 2.11 2.39 1.82-2.39 C17:0 0 0.15 0.16
C 14:1 0 0.03 0.03 0.02-0.05 C17:1 0 0.06 0.06
C 15:0 0.06 0.06 0.06 65 C 18:0 4.15 3.59 3.51
C 16:0 19.94 24.60 23.95 C 18:1 55.83 53.53 50.86
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Construct 21. Cinnamomum camphora C14 TE

Fatty Acid wildtype Mean Sample low/high
C 18:2 10.14 10.83 11.11

C 18:3a 0.93 0.97 0.87

C 20:0 0.33 0.36 0.37

C 20:1 0 0.09 0.08

C 20:1 0 0.07 0.07

C 22:0 0 0.09 0.09

Construct 22. Cinnamomum camphora C14 TE

Fatty Acid wildtype Mean Sample low/high
C 10:0 0.01 0.02 0.02 0.02-0.02
C12:0 0.03 1.22 1.83 0.59-1.83
C 13:0 0 0.02 0.03 0.01-0.03
C 14:0 1.40 12.77 17.33 7.97-17.33
C 14:1 0 0.02 0.02 0.02-0.04
C 15:0 0 0.07 0.08

C 16:0 24.01 24.79 24.22

C 16:1 0.67 0.64 0.58

C17:0 0 0.11 0.10

C17:1 0 0.04 0.04

C 18:0 4.15 2.85 2.75

C 18:1 55.83 45.16 41.23

C 18:2 10.14 9.96 9.65

C 18:3a 0.93 0.91 0.85

C 20:0 0.33 0.30 0.30

C 20:1 0 0.07 0.06

C 20:1 0 0.06 0.05

C 22:0 0 0.08 0.08

Construct 23. Cinnamomum camphora C14 TE

Fatty Acid wildtype Mean Sample low/high
C 10:0 0.01 0.01 0.02 0-0.02
C12:0 0.05 0.57 1.08 0.16-1.08
C 13:0 0 0.02 0.02 0-0.02
C 14:0 1.45 7.18 11.24 2.96-11.24
C 14:1 0.02 0.03 0.03 0.02-0.03
C 15:0 0.06 0.07 0.07

C 16:0 24.13 25.78 25.21

C 16:1 0.77 0.72 0.66

C17:0 0.19 0.13 0.11

C17:1 0.08 0.05 0.04

C 18:0 3.53 3.35 3.12

C 18:1 56.15 49.65 46.35

C 18:2 11.26 10.17 9.72

C 18:3a 0.84 0.95 0.83

C 20:0 0.32 0.34 0.32

C 20:1 0.09 0.08 0.09

C 20:1 0.07 0.05 0.06

C 22:0 0.07 0.08 0.08

C 24:0 0.13 0.13 0.12

Constructs 9-13 were expression vectors containing the
Cuphea hookeriana C8-10 thioesterase construct. As can be
seen in the data summaries above, the best results were seen
with Construct 11, with the Sample C8 fatty acid being 1.57
Area % (as compared to 0 in wildtype) and C10 fatty acid
being 6.76 Area % (as compared to 0 in wildtype). There was
also a modest increase in C12 fatty acids (approximately 2-5
fold increase). While the native plastid targeting sequence
produced no change when under the control of the C.
sorokinana glutamate dehydrogenase promoter, the same
expression construct driven by the C. reinhardtii p-tubulin
promoter produced significant changes in C8-10 fatty acids
in the host cell. This is further evidence of the idiosyncrasies
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of heterologous expression of thioesterases in Prototheca
species. All of the clones containing the C. reinhardtii
p-tubulin promoter C8-10 thioesterase construct had greater
increases in C8-10 fatty acids than the clones containing the
C. sorokinana glutamate dehydrogenase promoter C8-10
thioesterase construct. Lipid profile data for Construct 13
was not obtained and therefore, not included above.

Constructs 14-18 were expression vectors containing the
Umbellularia californica C12 thioesterase construct. As can
be seen in the data summaries above, the best results were
seen with Constructs 15 (P. moriformis isopentenyl diphos-
phate synthase plastid targeting sequence) and 17 (C. pro-
tothecoides stearoyl ACP desaturase plastid targeting
sequence). The greatest change in C12 fatty acid production
was seen with Construct 17, with C12 fatty acids levels of
up to 14.11 area %, as compared to 0.04 area % in wildtype.
Modest changes (about 2-fold) were also seen with C14 fatty
acid levels. When compared to the same constructs with the
C. sorokinana glutamate dehydrogenase promoter, the same
trends were true with the C. reinhardtii p-tubulin promoter
the C. protothecoides stearoyl ACP desaturase and P. mori-
formis isopentenyl diphosphate synthase plastid targeting
sequences produced the greatest change in C12 fatty acid
levels with both promoters.

Constructs 19-23 were expression vectors containing the
Cinnamomum camphora C14 thioesterase construct. As can
be seen in the data summaries above, the best results were
seen with Constructs 22 and Construct 23. The greatest
change in C14 fatty acid production was seen with Construct
22, with C14 fatty acid levels of up to 17.35 area % (when
the values for C140 and C141 are combined), as compared
to 1.40% in wildtype. Changes in C12 fatty acids were also
seen (5-60 fold). When compared to the same constructs
with the C. sorokinana glutamate dehydrogenase promoter,
the same trends were true with the C. reirhardtii p-tubulin
promoter the C. protothecoides stearoyl ACP desaturase and
P. moriformis stearoyl ACP desaturase plastid targeting
sequences produced the greatest change in C14 fatty acid
levels with both promoters. Consistently with all thio-
esterase expression constructs, the C. reinhardtii f-tubulin
promoter constructs produced greater changes in C8-14 fatty
acid levels than the C. sorokiniana glutamate dehydrogenase

Two positive clones from the Construct 22 were selected
and grown under high selective pressure (50 mg/L. G418).
After 6 days in culture, the clones were harvested and their
lipid profile was determined using the methods described
above. The lipid profile data is summarized below and is
expressed in area %.

Construct 22 clones + 50 mg/L. G418

Fatty Acid Construct 22 A Construct 22 B
C12:0 3.21 3.37
C 14:0 27.55 26.99
C 16:0 25.68 24.37
C16:1 0.99 0.92
C 18:0 1.37 1.23
C18:1 28.35 31.07
C18:2 11.73 11.05
C 18:3a 0.92 0.81
C 20:0 0.16 0.17

Both clones, when grown under constant, high selective
pressure, produced an increased amount of C14 and C12
fatty acids, about double the levels seen with Construct 22
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above. These clones yielded over 30 area % of C12-14 fatty
acids, as compared to 1.5 area % of C12-14 fatty acids seen
in wildtype cells.

Example 6

Heterologous Expression of Cuphea palustris and
Ulmus americanca Thioesterase in Prototheca

102
Example 7

Dual Transformants—Simultaneous Expression of
Two Heterologous Proteins

Microalgae strain Prototheca moriformis (UTEX 1435)
was transformed using the above disclosed methods with a
expression construct containing the yeast sucrose invertase
suc2 gene encoding the secreted form of the S. cerevisiae

Given the success of the above-described heterologous 10 invertase. Successtul expression of this gene and targeting to
expression thioesterases in Prototheca species, expression the periplasm results in the host cell’s ability to grow on (and
cassettes containing codon-optimized (according to Table 1) utilize) sucrose as a sole carbon source in heterotrophic
sequences encoding fatty acyl-ACP thioesterases from conditions (as demonstrated in Example 3 above). The
Cuphea palustris and Ulmus americana were constructed second set of genes expressed are thioesterases which are
and described below. responsible for the cleavage of the acyl moiety from the acyl
Construct Promoter/ Plastid
Name SUTR targeting seq Gene 3'UTR SEQ ID NO.

Construct 27 C. reinhardtii  C. protothecoides Cuphea C. vulgaris  SEQ ID NO: 107
B-tubulin stearoyl ACP palustris nitrate
desaturase thioesterase  reductase

The Ulmus americana (codon-optimized coding 25 carrier protein. Specifically, thioesterases from Cuphea
sequence) can be inserted into the expression cassette. The ~ /ookeriana (a C8-10 preferring thioesterase), Umbellularia
codon-optimized coding sequence without the native plastid californica (a C12 preferring .thloes.terase), and Cinnamo-
targeting sequence for the Ulmus americana thioesterase is mum camphora (a C14 preferring thl?estegase).ﬁ;f hese thl,OI;
listed as SEQ ID NO: 108 and can be fused any desired esterase expression cassettes were cloned as fusions wit

. : . . N-terminal microalgal plastid targeting sequences from
plastid targeting sequence and expression element (i.e., 30 _: . . .

/SUTR and 3UTR either Prototheca moriformis or Chlorella protothecoides,
promoter an )- which have been shown (in the above Examples) to be more

These expression cassettes can be transformed in to optimal than the native higher plant plastid targeting
Prototheca species using the methods described above. sequences. The suqcessful expression of the.: thioesterase
Positive clones can be screened with the inclusion of an genes and the targeting to the plastid resulted in measurable

o ; . 35 changes in the fatty acid profiles within the host cell. These
antibiotic resistance gene (e.g, neoR) on the GXPICSSION  changes in profiles are consistent with the enzymatic speci-
construct and screened on G418-containing plates/media. ficity or preference of each thioesterase. Below is a summary
Positive clones can be confirmed using Southern blot assays ~ of dual expression contructs that were assembled and trans-
with probes specific to the heterologous thioesterase coding ~ formed into Prototheca moriformis (UTEX 1435). Bach
region and expression of the construct can also be confirmed 40 construct contained the yeast suc2 gene under the control of

f% b . > . : the C. reinhardtii p-tubulin S'UTR/promoter and contained
using RT-PCR and primers specific to the coding region of the C. vulgaris nitrate reductase 3'UTR and a higher plant
the heterologous thioesterase. Secondary confirmation of thioesterase with a microalgal plastid targeting sequence
positive clones can be achieved by looking for changes in replacing the native sequence under the control of C. soroki-

Y .
levels of fatty acids in the host cell’s lipid profile. As seen 45 "479 g.lute.lmate dehydrogeflase S'UTR aI,ld contained the C.
. .o vulgaris nitrate reductase 3'UTR. Below is a summary of the
in the above Examples, heterologous expression in Prototh- . :

. t b . thioesterase portion of the constructs that were assembled
eca.spemes.of thioesterase can be idiosyncratic Fo the and transformed into Prototheca moriformis (UTEX 1435).
particular thioesterase. Promoter elements and plastid tar- The entire dual expression cassette with the suc2 gene and
geting sequences (and other expression regulatory elements) the thioesterase gene and the is listed in the Sequence
can be interchanged until the expression of the thioesterase Identification Listing.

Construct Promoter/ Plastid
Name SUTR targeting seq Gene 3'UTR SEQ ID NO.
Construct 24 C. sorokiniana C. protothecoides Cuphea C. vulgaris  SEQ ID NO: 109
glutamate stearoyl ACP hookeriana nitrate
dehydrogenase desaturase C8-10 TE reductase
Construct 25 C. sorokinana P, moviformis Umbellularia  C. vulgaris  SEQ ID NO: 110
glutamate isopentenyl californica nitrate
dehydrogenase diphosphate C12 TE reductase
synthase
Construct 26 C. sorokinana  C. protothecoides Cinnamomum  C. vulgaris  SEQ ID NO: 111
glutamate stearoyl ACP camphora nitrate
dehydrogenase desaturase Cl4 TE reductase
65

(and the subsequent increase in the corresponding fatty acid)
reaches a desired level.

Similar dual expression constructs with the thioesterase
cassettes described in Example 5 (e.g., under the control of
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a different promoter such as C. reinhardtii f-tubulin pro-
moter/5'UTR) can also be generated using standard molecu-
lar biology methods and methods described herein.

Positive clones containing each of expression constructs
were screened using their ability to grow on sucrose-con-
taining plates, where sucrose is the sole-carbon source, as
the selection factor. A subset of these positive clones from
each construct transformation was selected and the presence
of the expression construct was confirmed using Southern
blot assays. The function of the yeast sucrose invertase was
also confirmed using a sucrose hydrolysis assay. Positive
clones were selected and grown in media containing sucrose
as the sole carbon source at a starting concentration of 40
g/L. A negative control of wildtype Prototheca moriformis
(UTEX 1435) grown in media containing glucose as the sole
carbon source at the same 40 g/L starting concentration was
also included. Utilization of sucrose was measured through-
out the course of the experiment by measuring the level of
sucrose in the media using a YSI 2700 Biochemistry Ana-
lyzer with a sucrose-specific membrane. After six days in
culture, the cultures were harvested and processed for lipid
profile using the same methods as described above. The lipid
profile results are summarized below in Table 17 and are
show in area %.

TABLE 17

20

104
Example 8

Effects of Glycerol on C10-C14 Fatty Acid
Production in C14 Thioesterase Transformants

Clones from all the thioesterase transformations were
selected and further evaluated. One clone expressing Con-
struct 8 (Cinnamomum camphora Cl14 TE) was grown
heterotrophically using different carbon sources: glucose
only, fructose only and glycerol only. The glucose only
condition resulted in higher cell growth and total lipid
production when compared to the fructose only and glycerol
only conditions. However, the proportion of C12-14 fatty
acids produced in the glycerol only condition was two-fold
higher than that attained in the glucose only condition.

Example 9

Expression of Arabidopsis thaliana Invertase in
Protoheca moriformis

Microalgae strain Prototheca moriformis (UTEX 1435)
was transformed using methods described above, with an
expression construct containing a codon-optimized (accord-

Lipid profiles of dual transformants with suc2 sucrose invertase and

thioesterase.

Fatty

Acid Wt C24A (C24B (C24C C25A C(C25B C25C C26A C26B C26C
C 10:0 0.01 0.03 0.04 0.08 0.01 0.01 0.01 0.01 0.01 0.0
C 12:0 0.04  0.04 0.04 0.04 0.28 0.40 0.10 0.04 0.04 0.13
C 14:0 1.6 1.55 1.53 1.56 1.59 1.59 1.60 1.65 1.56 2.69
C 1411 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03
C 15:0 0.04  0.03 0.03 0.04 0.04 0.03 0.03 0.03 0.03 0.04
cl60 292 291 29.0 28.6 28.9 28.6 29.0 28.8 29.5 27.5
C 16:1 0.86  0.80 0.79 0.82 0.77 0.81 0.82 0.79 0.79 0.86
C17:0 0.1 0.08 0.08 0.09 0.09 0.08 0.09 0.08 0.08 0.09
C17:1 0.04  0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.04
C 18:0 326  3.33 3.37 3.27 3.36 3.28 3.18 3.33 3.36 3.03
C18:1 545 539 54.1 53.9 53.5 53.7 53.5 54.2 53.9 52.7
C 18:2 872 935 9.22 9.45 9.68 9.65 9.87 9.31 9.06 10.8
C 18:3 0.63 0.71 0.69 0.73 0.74 0.73 0.75 0.71 0.66 0.83
alpha

C 20:0 029 031 0.31 0.31 0.32 0.32 0.31 0.32 0.31 0.29

45

All of the positive clones selected for the sucrose utili-
zation assay were able to hydrolyze the sucrose in the media
and at the end of the 6 day culture period, there were no
measurable levels of sucrose in the media. This data, in
addition to the successful use of sucrose as a selection tool
for positive clones, indicates that the exogenous yeast suc2
sucrose invertase gene was targeted correctly and expressed
in the transformants. As show in Table 17 above, the clones
expressing Construct 24 (C8-10 thioesterase) had a measur-
able increase in C10 fatty acids (as high as an eight-fold
increase). Likewise there were measurable increases in
clones expressing Construct 25 (C12 thioesterase) and Con-
struct 26 (C14 thioesterase) in the corresponding medium
chain fatty acids. Taken together, the data shows the suc-
cessful simultaneous expression in Prototheca moriformis
two recombinant proteins (e.g., sucrose invertase and a fatty
acid acyl-ACP thioesterase), both of which confer useful and
quantifiable phenotypic changes on the host organism.
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ing to Table 1) cell wall associated invertase from Arabi-
dopsis thaliana. The Arabidoposis invertase sequence was
modified to include the N-terminal 39 amino acids from
yeast invertase (SUC2 protein) to ensure efficient targeting
to the ER and ultimately the periplasm. To aid detection, a
Flag epitope was added to the C-terminus of the recombi-
nant protein. The transgene was cloned into an expression
vector with a Chlorella sorokinianna glutamate dehydroge-
nase promoter/S'UTR region and a Chlorella vulgaris nitrate
reductase 3'UTR region. The DNA sequence of this trans-
gene cassette is listed as SEQ ID NO: 89 and the translated
amino acid sequence is listed as SEQ ID NO: 90. Positive
clones were screened and selected using sucrose-containing
media/plates. A subset of the positive clones were confirmed
for the presence of the transgene and expression of invertase
using Southern blot analysis and Western blot analysis for
the Flag-tagged invertase. From these screens, 10 positive
clones were chosen for lipid productivity and sucrose utili-
zation assays. All 10 clones were grown on media containing
sucrose as the sole carbon source and a positive control suc2
invertase transformant was also included. The negative
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control, wildtype Prototheca moriformis, was also grown
but on glucose containing media. After six days, the cells
were harvested and dried and the total percent lipid by dry
cell weight was determined. The media was also analyzed
for total sucrose consumption.

All ten positive clones were able to hydrolyze sucrose,
however, most clones grew about half as well as either
wildtype or the positive control suc2 yeast invertase trans-
formant as determined by dry cell weight at the end of the
experiment. Similarly, all ten positive clones produced about
half as much total lipid when compared to wildtype or the
positive control transformant. This data demonstrate the
successful heterologous expression of diverse sucrose inver-
tases in Prototheca.

Example 10

Heterologous Expression of Yeast Invertase (Suc2)
in Prototheca krugani, Prototheca Stagnora and
Prototheca zopfii

To test the general applicability of the transformation
methods for use in species of the genus Prototheca, three
other Prototheca species were selected: Prototheca krugani
(UTEX 329), Prototheca stagnora (UTEX 1442) and Pro-
totheca zopfii (UTEX 1438). These three strains were grown
in the media and conditions described in Example 1 and their
lipid profiles were determined using the above described
methods. A summary of the lipid profiles from the three
Prototheca strains are summarized below in Area %.

P. krugani P. stagnora P. zopfii
Fatty Acid (UTEX 329) (UTEX 1442) (UTEX 1438)
C 10:0 0.0 0.0 0.0
C10:1 0.0 0.0 0.0
C12:0 1.5 0.8 2.1
C 14:0 1.2 0.9 1.7
C16 15.1 17.1 19.7
C 18:0 33 4.1 5.4
C18:1 66.0 61.5 53.8
C18:2 12.9 15.6 17.3

These three strains were transformed with a yeast inver-
tase (suc2) expression cassette (SEQ ID NO: 58) using the
methods described in Example 3 above. This yeast invertase
(suc2) expression cassette has been demonstrated to work in
Prototheca moriformis (UTEX 1435) above in Example 3.
The transformants were screened using sucrose containing
plates/media. A subset of the positive clones for each Pro-
totheca species was selected and the presence of the trans-
gene was confirmed by Southern blot analysis. Ten of
confirmed positive clones from each species were selected
for sucrose hydrolysis analysis and lipid productivity. The
clones were grown in media containing sucrose as the sole
carbon source and compared to its wildtype counterpart
grown on glucose. After 6 days, the cultures were harvested
and dried and total percent lipid and dry cell weight was
assessed. The media from each culture was also analyzed for
sucrose hydrolysis using a Y512700 Biochemistry Analyzer
for sucrose content over the course of the experiment.
Clones from all three species were able to hydrolyze
sucrose, with Prototheca stagnora and Prototheca zopfii
transformants being able to hydrolyze sucrose more effi-
ciently than Prototheca krugani. Total lipid production and
dry cell weight of the three species of transformants were
comparable to their wildtype counterpart grown on glucose.
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This data demonstrates the successful transformation and
expression exogenous genes in multiple species of the genus
Prototheca.

Example 11

Algal-Derived Promoters and Genes for Use in
Microalgae

A. 5'UTR and Promoter Sequences from Chlorella pro-
tothecoides

A cDNA library was generated from mixotrophically
grown Chlorella protothecoides (UTEX 250) using standard
techniques. Based upon the cDNA sequences, primers were
designed in certain known housekeeping genes to “walk”
upstream of the coding regions using Seegene’s DNA Walk-
ing kit (Rockville, Md.). Sequences isolated include an actin
(SEQ ID NO:31) and elongation factor-la (EF1a) (SEQ ID
NO:32) promoter/UTR, both of which contain introns (as
shown in the lower case) and exons (upper case italicized)
and the predicted start site (in bold) and two beta-tubulin
promoter/UTR elements: Isoform A (SEQ ID NO:33) and
Isoform B (SEQ ID NO:34).

B. Lipid Biosynthesis Enzyme and Plastid Targeting
Sequences from C. protothecoides

From the cDNA library described above, three cDNAs
encoding proteins functional in lipid metabolism in Chlo-
rella protothecoides (UTEX 250) were cloned using the
same methods as described above. The nucleotide and amino
acid sequences for an acyl ACP desaturase (SEQ ID NOs: 45
and 46) and two geranyl geranyl diphosphate synthases
(SEQ ID NOs:47-50) are included in the Sequence Listing
below. Additionally, three ¢cDNAs with putative signal
sequences targeting to the plastid were also cloned. The
nucleotide and amino acid sequences for a glyceraldehyde-
3-phosphate dehydrogenase (SEQ ID NOs:51 and 52), an
oxygen evolving complex protein OEE33 (SEQ ID NOs:53
and 54) and a Clp protease (SEQ ID NOs:55 and 56) are
included in the Sequence Listing below. The putative plastid
targeting sequence has been underlined in both the nucleo-
tide and amino acid sequence. The plastid targeting
sequences can be used to target the product of transgenes to
the plastid of microbes, such as lipid modification enzymes.

Example 12

S'UTR/Promoters that are Nitrogen Responsive
from Prototheca moriformis

A cDNA library was generated from Prototheca morifor-
mis (UTEX 1435) using standard techniques. The Proroth-
eca moriformis cells were grown for 48 hours under nitrogen
replete conditions. Then a 5% innoculum (v/v) was then
transferred to low nitrogen and the cells were harvested
every 24 hours for seven days. After about 24 hours in
culture, the nitrogen supply in the media was completely
depleted. The collected samples were immediately frozen
using dry ice and isopropanol. Total RNA was subsequently
isolated from the frozen cell pellet samples and a portion
from each sample was held in reserve for RT-PCR studies.
The rest of the total RNA harvested from the samples was
subjected to polyA selection. Equimolar amounts of polyA
selected RNA from each condition was then pooled and used
to generate a cDNA library in vector pcDNA 3.0 (Invitro-
gen). Roughly 1200 clones were randomly picked from the
resulting pooled cDNA library and subjected to sequencing
on both strands. Approximately 68 different cDNAs were
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selected from among these 1200 sequences and used to
design cDNA-specific primers for use in real-time RT-PCR
studies.

RNA isolated from the cell pellet samples that were held
in reserve was used as substrate in the real time RT-PCR

108

from the cDNA/genomic screen can be done using the same
methods.

Other putative nitrogen-regulated promoters/5'UTRs that
were isolated from the cDNA/genomic screen were:

Promoter/5S'UTR SED ID NO. Fold increased
FatB/A promoter/S'UTR SEQ ID NO: 91 n/a
NRAMP metal transporter promoter/S'UTR SEQ ID NO: 92 9.65
Flap Flagellar-associated protein promoter/SUTR SEQ ID NO: 93 4.92
SulfRed Sulfite reductase promoter/S'UTR SEQ ID NO: 94 10.91
SugT Sugar transporter promoter/5UTR SEQ ID NO: 95 17.35
Amt03-Ammonium transporter 03 promoter/SUTR  SEQ ID NO: 96 10.1
Amt02-Ammonium transporter 02 promoter/SUTR  SEQ ID NO: 97 10.76
Aat01-Amino acid transporter 01 promoter/5UTR ~ SEQ ID NO: 98 6.21
Aat02-Amino acid transporter 02 promoter/5UTR ~ SEQ ID NO: 99 6.5
Aat03-Amino acid transporter 03 promoter/5UTR ~ SEQ ID NO: 100 7.87
Aat04-Amino acid transporter 04 promoter/5UTR ~ SEQ ID NO: 101 10.95
Aat05-Amino acid transporter 05 promoter/5UTR ~ SEQ ID NO: 102 6.71

Fold increase refers to the fold increase in cDNA abundance after 24 hours of culture in low nitrogen

medium.

studies using the cDNA-specific primer sets generated
above. This reserved RNA was converted into cDNA and
used as substrate for RT-PCR for each of the 68 gne specific
primer sets. Threshold cycle or C, numbers were used to
indicate relative transcript abundance for each of the 68
c¢DNAs within each RNA sample collected throughout the
time course. cDNAs showing significant increase (greater
than three fold) between nitrogen replete and nitrogen-
depleted conditions were flagged as potential genes whose
expression was up-regulated by nitrogen depletion. As dis-
cussed in the specification, nitrogen depletion/limitation is a
known inducer of lipogenesis in oleaginous microorgan-
isms.

In order to identify putative promoters/5'UTR sequences
from the cDNAs whose expression was upregulated during
nitrogen depletion/limitation, total DNA was isolated from
Prototheca moriformis (UTEX 1435) grown under nitrogen
replete conditions and were then subjected to sequencing
using 454 sequencing technology (Roche). cDNAs flagged
as being up-regulated by the RT-PCR results above were
compared using BLAST against assembled contigs arising
from the 454 genomic sequencing reads. The 5' ends of
cDNAs were mapped to specific contigs, and where pos-
sible, greater than 500 bp of 5' flanking DNA was used to
putatively identify promoters/UTRs. The presence of pro-
moters/5'UTR were subsequently confirmed and cloned
using PCR amplification of genomic DNA. Individual
c¢DNA 5' ends were used to design 3' primers and 5' end of
the 454 contig assemblies were used to design 5' gene-
specific primers.

As a first screen, one of the putative promoter, the
S'UTR/promoter isolated from Aat2 (Ammonium trans-
porter, SEQ ID NO: 99), was cloned into the Cinnamomum
camphora Cl4 thioesterase construct with the Chlorella
protothecoides stearoyl ACP desaturase transit peptide
described in Example 5 above, replacing the C. sorokinana
glutamate dehydrogenase promoter. This construct is listed
as SEQ ID NO: 112. To test the putative promoter, the
thioesterase construct is transformed into Proftotheca mori-
formis cells to confirm actual promoter activity by screening
for an increase in C14/C12 fatty acids under low/no nitrogen
conditions, using the methods described above. Similar
testing of the putative nitrogen-regulated promoters isolated
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Example 13
Homologous Recombination in Prototheca Species

Homologous recombination of transgenes has several
advantages over the transformation methods described in the
above Examples. First, the introduction of transgenes with-
out homologous recombination can be unpredictable
because there is no control over the number of copies of the
plasmid that gets introduced into the cell. Also, the intro-
duction of transgenes without homologous recombination
can be unstable because the plasmid may remain episomal
and is lost over subsequent cell divisions. Another advantage
of homologous recombination is the ability to “knock-out”
gene targets, introduce epitope tags, switch promoters of
endogenous genes and otherwise alter gene targets (e.g., the
introduction of point mutations.

Two vectors were constructed using a specific region of
the Prototheca moriformis (UTEX 1435) genome, desig-
nated KE858. KE858 is a 1.3 kb, genomic fragment that
encompasses part of the coding region for a protein that
shares homology with the transfer RNA (tRNA) family of
proteins. Southern blots have shown that the KES858
sequence is present in a single copy in the Prototheca
moriformis (UTEX 1435) genome. The first type of vector
that was constructed, designated SZ725 (SEQ ID NO: 103),
consisted of the entire 1.3 kb KE858 fragment cloned into a
pUC19 vector backbone that also contains the optimized
yeast invertase (suc2) gene used in Example 3 above. The
KE858 fragment contains an unique SnaB1 site that does not
occur anywhere else in the targeting construct. The second
type of vector that was constructed, designated SZ726 (SEQ
ID NO: 126), consisted of the KE858 sequence that had been
disrupted by the insertion of the yeast invertase gene (suc2)
at the SnaB1 site within the KE858 genomic sequence. The
entire DNA fragment containing the KE858 sequences
flanking the yeast invertase gene can be excised from the
vector backbone by digestion with EcoRI, which cuts at
either end of the KE858 region.

Both vectors were used to direct homologous recombi-
nation of the yeast invertase gene (suc2) into the correspond-
ing KE858 region of the Prototheca moriformis (UTEX
1435) genome. The linear DNA ends homologous to the
genomic region that was being targeted for homologous
recombination were exposed by digesting the vector con-
struct SZ725 with SnaB1 and vector construct SZ726 with
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EcoRI. The digested vector constructs were then introduced
into Prototheca moriformis cultures using methods
described above in Example 3. Transformants from each
vector construct were then selected using sucrose plates. Ten
independent, clonally pure transformants from each vector
transformation were analyzed for successful recombination
of the yeast invertase gene into the desired genomic location
(using Southern blots) and for transgene stability.

Southern blot analysis of the SZ725 transformants
showed that 4 out of the 10 transformants picked for analysis
contained the predicted recombinant bands, indicating that a
single crossover event had occurred between the KE858
sequences on the vector and the KE858 sequences in the
genome. In contrast, all ten of the SZ726 transformants
contained the predicted recombinant bands, indicating that
double crossover events had occurred between the EcoRI
fragment of pSZ726 carrying KE858 sequence flanking the
yeast invertase transgene and the corresponding KE858
region of the genome.

Sucrose invertase expression and transgene stability were
assessed by growing the transformants for over 15 genera-
tions in the absence of selection. The four SZ725 transfor-
mants and the ten SZ276 transformants that were positive
for the transgene by Southern blotting were selected and 48
single colonies from each of the transformants were grown
serially: first without selection in glucose containing media
and then with selection in media containing sucrose as the
sole carbon source. All ten SZ276 transformants (100%)
retained their ability to grow on sucrose after 15 generations,
whereas about 97% of the SZ725 transformants retained
their ability to grow on sucrose after 15 generations. Trans-
genes introduced by a double crossover event (SZ726 vec-
tor) have extremely high stability over generation doublings.
In contrast, transgenes introduced by a single cross over
event (SZ725 vector) can result in some instability over
generation doublings because is tandem copies of the trans-
genes were introduced, the repeated homologous regions
flanking the transgenes may recombine and excise the
transgenic DNA located between them.

These experiments demonstrate the successful use of
homologous recombination to generate Prototheca transfor-
mants containing a heterologous sucrose invertase gene that
is stably integrated into the nuclear chromosomes of the
organism. The success of the homologous recombination
enables other genomic alterations in Prototheca, including
gene deletions, point mutations and epitope tagging a
desired gene product. These experiments also demonstrate
the first documented system for homologous recombination
in the nuclear genome of an eukaryotic microalgae.

A. Use of Homologous Recombination to Knock-Out an
Endogenous Prototheca moriformis Gene

In the Prototheca moriformis cDNA/genomic screen
described in Example 11 above, an endogenous stearoyl
ACP desaturase (SAPD) c¢cDNA was identified. Stearoyl
ACP desaturase enzymes are part of the lipid synthesis
pathway and they function to introduce double bonds into
the fatty acyl chains. In some cases, it may be advantages to
knock-out or reduce the expression of lipid pathway
enzymes in order to alter a fatty acid profile. A homologous
recombination construct was created to assess whether the
expression of an endogenous stearoyl ACP desaturase
enzyme can be reduced (or knocked out) and if a corre-
sponding reduction in unsaturated fatty acids can be
observed in the lipid profile of the host cell. An approxi-
mately 1.5 kb coding sequence of a stearoyl ACP desaturase
gene from Prototheca moriformis (UTEX 1435) was iden-
tified and cloned (SEQ ID NO: 104). The homologous
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recombination construct was constructed using 0.5 kb of the
SAPD coding sequence at the 5' end (5' targeting site),
followed by the Chlamydomonas reinhardtii p-tublin pro-
moter driving a codon-optimized yeast sucrose invertase
suc2 gene with the Chlorella vulgaris 3'UTR. The rest (~1
kb) of the Prototheca moriformis SAPD coding sequence
was then inserted after the C. vulgaris 3'UTR to make up the
3' targeting site. The sequence for this homologous recom-
bination cassette is listed in SEQ ID NO: 105. As shown
above, the success-rate for integration of the homologous
recombination cassette into the nuclear genome can be
increased by linearizing the cassette before transforming the
microalgae, leaving exposed ends. The homologous recom-
bination cassette targeting an endogenous SAPD enzyme in
Prototheca moriformis is linearized and then transformed
into the host cell (Prototheca moriformis, UTEX 1435). A
successful integration will eliminate the endogenous SAPD
enzyme coding region from the host genome via a double
reciprocal recombination event, while expression of the
newly inserted suc2 gene will be regulated by the C.
reinhardtii f-tubulin promoter. The resulting clones can be
screened using plates/media containing sucrose as the sole
carbon source. Clones containing a successful integration of
the homologous recombination cassette will have the ability
to grow on sucrose as the sole carbon source and changes in
overall saturation of the fatty acids in the lipid profile will
serve as a secondary confirmation factor. Additionally,
Southern blotting assays using a probe specific for the yeast
sucrose invertase suc2 gene and RT-PCR can also confirm
the presence and expression of the invertase gene in positive
clones. As an alternative, the same construct without the
p-tubulin promoter can be used to excise the endogenous
SAPD enzyme coding region. In this case, the newly
inserted yeast sucrose invertase suc2 gene will be regulated
by the endogenous SAPD promoter/S'UTR.

Example 14
Fuel Production

A. Extraction of Oil from Microalgae Using an Expeller
Press and a Press Aid

Microalgal biomass containing 38% oil by DCW was
dried using a drum dryer resulting in resulting moisture
content of 5-5.5%. The biomass was fed into a French L.250
press. 30.4 kg (67 1bs.) of biomass was fed through the press
and no oil was recovered. The same dried microbial biomass
combined with varying percentage of switchgrass as a press
aid was fed through the press. The combination of dried
microbial biomass and 20% w/w switchgrass yielded the
best overall percentage oil recovery. The pressed cakes were
then subjected to hexane extraction and the final yield for the
20% switchgrass condition was 61.6% of the total available
oil (calculated by weight). Biomass with above 50% oil dry
cell weight did not require the use of a pressing aid such as
switchgrass in order to liberate oil.

B. Monosaccharide Composition of Delipidated Prototh-
eca moriformis Biomass

Prototheca moriformis (UTEX 1435) was grown in con-
ditions and nutrient media (with 4% glucose) as described in
Example 45 above. The microalgal biomass was then har-
vested and dried using a drum dryer. The dried algal biomass
was lysed and the oil extracted using an expeller press as
described in Example 44 above. The residual oil in the
pressed biomass was then solvent extracted using petroleum
ether. Residual petroleum ether was evaporated from the
delipidated meal using a Rotovapor (Buchi Labortechnik
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AQG, Switzerland). Glycosyl (monosaccharide) composition
analysis was then performed on the delipidated meal using
combined gas chromatography/mass spectrometry (GC/MS)
of the per-O-trimethylsily (TMS) derivatives of the mono-

112
TABLE 18-continued

Monosaccharide (glycosyl) composition analysis of Prototheca moriformis
(UTEX 1435) delipidated biomass.

saccharide methyl glycosides produced from the sample by 3 Mole % (of total
acidic methanolysis. A sample of delipidated meal was Mass (1g) carbohydrate)
subjected to methanolysis in 1M HCI in methanol at 80°.C. N Acetyl Glucosamine (GIoNAG) nd. nd.
for approximately 20 hours, followed by re-N-acetylation Heptose n.d. n.d.
with pyridine and acetic anhydride in methanol (for detec- 3 Deoxy-2-manno-2 Octulsonic n.d. n.d.
tion of amino sugars). The samples were then per-O-trim- 10 acid (KDO)
ethyls.iylated by treatment Wi.th Tri-Sil (Pierce) at 80° C. for Sum 57 100
30 minutes (see methods in Merkle and Poppe (1994)
Methods Enzymol. 230:1-15 and York et al., (1985) Methods n.d. = none detected
Eln zym.odl. 118:3'40% GCQMS anakll}glgggi(ﬁ) tgec Tl\t/[S fmefihill s The carbohydrate content and monosaccharide composi-
& z;g?b ei\s/[gv];s per OrmZH ?fn aII11E C-1 fused si ll,n er ac.eil 0 tion of the delipidated meal makes it suitable for use as an
a » UsIng a N -1 lused siuca capiliary animal feed or as part of an animal feed formulation. Thus,
column (30 mx0.25 mm ID). The monosaccharides were in one aspect, the present invention provides delipidated
identified by their retention times in comparison to stan-  eq] having the product content set forth in the table above.
d.ards, and the.: carbohydrate charagter of these are authen- C. Production of Biodiesel from Prototheca Oil
ticated by their mass spectra. 20 micrograms per sample of 20 Degummed oil from Prototheca moriformis UTEX 1435,
inositol was added to the sample before derivatization as an produced according to the methods described above, was
internal standard. The monosaccharide profile of the delipi- subjected to transesterification to produce fatty acid methyl
dated Prototheca moriformis (UTEX 1435) biomass is sum- esters. Results are shown below:
marized in Table 18 below. The total percent carbohydrate The lipid profile of the oil was:
from the sample was calculated to be 28.7%. 25 C10:0 0.02
C12:0 0.06
TABLE 18 C14:0 1.81
C14.1 0.07
Monosaccharide (glycosyl) composition analysis of Prototheca moriformis C16:0 24.53
(UTEX 1435) delipidated biomass. 30 C16:1 1.22
Mole % (of totsl C18:0 2.34
ole 7o (OI 1O
C18:1 59.21
Mass carbohydrate
e yareto) C18:2 8.91
Arabinose 0.6 1.2 C18:3 0.28
Xylose n.d. n.d. C20:0 0.23
Galacturonic acid (GalUA) n.d. n.d. 35 C20:1 0.10
Mannose 6.9 11.9 C20:1 0.08
Galactose 14.5 25.2 . .
Glucose 355 61.7 C21:0 0.02
N Acetyl Galactosamine (GalNAc) n.d. n.d. C22:0 0.06
C24:0 0.10
TABLE 19
Biodiesel profile from Prototheca moriformis triglyceride oil.
Method Test Result  Units
ASTM D6751 Al Cold Soak Filterability of Filtration Time 120 sec
Biodiesel Blend Fuels Volume Filtered 300 ml
ASTM D93 Pensky-Martens Closed Cup Flash Point Procedure Used A
Corrected Flash Point 165.0 °C.
ASTM D2709 Water and Sediment in Middle Distillate Sediment and Water 0.000 Vol %
Fuels (Centrifuge Method)
EN 14538 Determination of Ca and Mg Content ~ Sum of (Ca and Mg) <1 mg/kg
by ICP OES
EN 14538 Determination of Ca and Mg Content ~ Sum of (Na and K) <1 mg/kg
by ICP OES
ASTM D445 Kinematic/Dynamic Viscosity Kinematic Viscosity @ 4.873  mm%/s
104° F./40° C.
ASTM D874 Sulfated Ash from Lubricating Oils Sulfated Ash <0.005 Wt %
and Additives
ASTM D5453 Determination of Total Sulfur in Light  Sulfur, mg/kg 1.7 mg/kg
Hydrocarbons, Spark Ignition Engine
Fuel, Diesel Engine Fuel, and Engine
Oil by Ultraviolet Fluorescence.
ASTM D130 Corrosion - Copper Strip Biodiesel-Cu Corrosion la
50° C. (122° F.)/3 hr
ASTM D2500 Cloud Point Cloud Point 6 °C.
ASTM D4530 Micro Carbon Residue Average Micro Method <0.10 Wt %
Carbon Residue
ASTM D664 Acid Number of Petroleum Products Procedure Used A
by Potentiometric Titration Acid Number 0.20 mg KOH/g
ASTM Determination of Free and Total Free Glycerin <0.005 Wt %
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TABLE 19-continued
Biodiesel profile from Prototheca moriformis triglyceride oil.
Method Test Result  Units
D6584 Glycerin in B-100 Biodiesel Methyl Total Glycerin 0.123 Wt %
Esters By Gas Chromatography
ASTM D4951 Additive Elements in Lubricating Phosphorus 0.000200 Wt %
Oils by ICP-AES
ASTM D1160 Distillation of Petroleum Products at IBP 248 °C.
Reduced Pressure AFET @ 5% Recovery 336 °C.
AFET @ 10% Recovery 338 °C.
AFET @ 20% Recovery 339 °C.
AFET @ 30% Recovery 340 °C.
AFET @ 40% Recovery 342 °C.
AFET @ 50% Recovery 344 °C.
AFET @ 60% Recovery 345 °C.
AFET @ 70% Recovery 347 °C.
AFET @ 80% Recovery 349 °C.
AET @ 90% Recovery 351 °C.
AFET @ 95% Recovery 353 °C.
FBP 362 °C.
% Recovered 98.5 %
% Loss 1.5 %
% Residue 0.0 %
Cold Trap Volume 0.0 ml
IBP 248 °C.
EN 14112 Determination of Oxidation Stability Oxidation Stability >12 hr
(Accelerated Oxidation Test) Operating Temp 110 °C.
(usually 100 deg C.)
ASTM D4052 Density of Liquids by Digital API Gravity @ 60° F. 29.5 ° API
Density Meter
ASTMD 6890 Determination of Ignition Delay (ID) Derived Cetane >61.0
and Derived Cetane Number (DCN) Number (DCN)
The lipid profile of the biodiesel was highly similar to the TABLE 20

lipid profile of the feedstock oil. Other oils provided by the
methods and compositions of the invention can be subjected
to transesterification to yield biodiesel with lipid profiles
including (a) at least 4% C8-C14; (b) at least 0.3% C8; (c)
at least 2% C10; (d) at least 2% C12; and (3) at least 30%
C8-Cl4.

The Cold Soak Filterability by the ASTM D6751 Al
method of the biodiesel produced was 120 seconds for a
volume of 300 ml. This test involves filtration of 300 ml of
B100, chilled to 40° F. for 16 hours, allowed to warm to
room temp, and filtered under vacuum using 0.7 micron
glass fiber filter with stainless steel support. Oils of the
invention can be transesterified to generate biodiesel with a
cold soak time of less than 120 seconds, less than 100
seconds, and less than 90 seconds.

D. Production of Renewable Diesel

Degummed oil from Prototheca moriformis UTEX 1435,
produced according to the methods described above and
having the same lipid profile as the oil used to make
biodiesel in Example X above, was subjected to transesteri-
fication to produce renewable diesel.

The oil was first hydrotreated to remove oxygen and the
glycerol backbone, yielding n-paraffins. The n-parrafins
were then subjected to cracking and isomerization. A chro-
matogram of the material is shown in FIG. 13. The material
was then subjected to cold filtration, which removed about
5% of the C18 material. Following the cold filtration the
total volume material was cut to flash point and evaluated for
flash point, ASTM D-86 distillation distribution, cloud point
and viscosity. Flash point was 63° C.; viscosity was 2.86 ¢St
(centistokes); cloud point was 4° C. ASTM D86 distillation
values are shown in Table 20:
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Readings in ° C.:

Volume Temperature
IBP 173
5 2174
10 242.1
15 255.8
20 265.6
30 2773
40 283.5
50 286.6
60 289.4
70 290.9
80 2943
90 300
95 307.7
FBP 3315

The T10-T90 of the material produced was 57.9° C.
Methods of hydrotreating, isomerization, and other covalent
modification of oils disclosed herein, as well as methods of
distillation and fractionation (such as cold filtration) dis-
closed herein, can be employed to generate renewable diesel
compositions with other T10-T90 ranges, such as 20, 25, 30,
35, 40,45, 50, 60 and 65° C. using triglyceride oils produced
according to the methods disclosed herein.

The T10 of the material produced was 242.1° C. Methods
of hydrotreating, isomerization, and other covalent modifi-
cation of oils disclosed herein, as well as methods of
distillation and fractionation (such as cold filtration) dis-
closed herein, can be employed to generate renewable diesel
compositions with other T10 values, such as T10 between
180 and 295, between 190 and 270, between 210 and 250,
between 225 and 245, and at least 290.

The T90 of the material produced was 300° C. Methods
of hydrotreating, isomerization, and other covalent modifi-
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cation of oils disclosed herein, as well as methods of
distillation and fractionation (such as cold filtration) dis-
closed herein can be employed to generate renewable diesel
compositions with other T90 values, such as T90 between
280 and 380, between 290 and 360, between 300 and 350,
between 310 and 340, and at least 290.

The FBP of the material produced was 300° C. Methods
of hydrotreating, isomerization, and other covalent modifi-
cation of oils disclosed herein, as well as methods of
distillation and fractionation (such as cold filtration) dis-
closed herein, can be employed to generate renewable diesel
compositions with other FBP values, such as FBP between
290 and 400, between 300 and 385, between 310 and 370,
between 315 and 360, and at least 300.

Other oils provided by the methods and compositions of
the invention can be subjected to combinations of
hydrotreating, isomerization, and other covalent modifica-
tion including oils with lipid profiles including (a) at least
4% C8-C14; (b) at least 0.3% CS8; (c) at least 2% C10; (d)
at least 2% C12; and (3) at least 30% C8-C14.

Example 15

Utilization of Sucrose by Chlorella luteoviridis

A. SAG 2214 Growth on Glucose and Sucrose

SAG 2214 (designated as Chlorella luteoviridis) was
tested for growth in the dark on media containing either
glucose or sucrose. Heterotrophic liquid cultures were ini-
tiated using inoculum from a frozen vial in either media
containing 4% glucose or 4% sucrose as the sole carbon
source. Cultures were grown in the dark, shaking at 200 rpm.
Samples from the cultures were taken at 0, 24, 48 and 72
hour timepoints and growth was measured by relative absor-
bance at 750 nm (UV Mini1240, Shimadzu). SAG 2214
grew equally well on glucose as on sucrose, showing that
this microalgae can utilize sucrose as effectively as glucose
as a sole carbon source. The result of this experiment is
represented graphically in FIG. 3.

B. Lipid Productivity and Fatty Acid Profile for SAG
2214

Microalgal strain SAG 2214 was cultivated in liquid
medium containing either glucose or sucrose as the sole
carbon source in similar conditions as described in Example
32 above. After 7 days, cells were harvested for dry cell
weight calculation. Cells were centrifuged and lyophilized
for 24 hours. The dried cell pellets were weighed and the dry
cell weight per liter was calculated. Cells for lipid analysis
were also harvested and centrifuged at 4000xg for 10
minutes at room temperature. The supernatant was discarded
and the samples were processed for lipid analysis and fatty
acid profile using standard gas chromatography (GC/FID)
procedures. The results are summarized below in Tables 21
and 22.

TABLE 21

Lipid productivity and DCW for SAG 2214.

Sample Lipid (g/L) DCW (g/L) % Lipid DCW
SAG 2214 glucose 243 5.73 42.44%
SAG 2214 sucrose 091 2.00 45.56%
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TABLE 22

Fatty acid profile for SAG 2214.

Fatty Acid Percent (w/w)
C:16:0 21
C:18:1 38
C:18:2 41

C. Genomic Comparison of SAG 2214 to Other Chlorella
luteoviridis Strains

Microalgal strain SAG 2214 proved to be of general
interest due to its ability to grow on sucrose as a carbon
source (illustrated above). In addition to the growth char-
acteristics of this strain, its taxonomic relationship to other
microalgal species was also of interest. Designated by the
SAG collection as a Chlorella luteoviridis strain, the 23s
rRNA gene of SAG 2214 was sequenced and compared to
the 23s rRNA genomic sequence of nine other strains also
identified by the SAG and UTEX collections as Chlorella
luteoviridis. These strains were UTEX 21, 22, 28, 257 and
258, and SAG strains 2133, 2196, 2198 and 2203. The DNA
genotyping methods used were the same as the methods
described above in Example 1. Sequence alignments and
unrooted trees were generated using Geneious DNA analysis
software. Out of the nine other strains that were genotypes,
UTEX 21, 22, 28 and 257 had identical 23s rRNA DNA
sequence (SEQ ID NO: 106). The other five Chlorella
luteoviridis strains had 23s rRNA sequences that were
highly homologous to UTEX 21, 22, 28, and 257.

The 23s rRNA gene sequence from SAG 2214 (SEQ ID
NO: 30) is decidedly different from that of the other nine C.
luteoviridis strains, having a large insertion that was not
found in the other strains. Further analysis of this 23s rRNA
gene sequence using BLAST indicated that it shared the
greatest homology with members of the genus Leptosira and
Trebouxia (members of phycobiont portion of lichens).
These results indicate that SAG 2214 may not be Chlorella
luteoviridis strain as categorized by the strain collection, but
instead shares significant 23S rRNA nucleotide identity to
algal symbionts found in lichen. The genomic analysis along
with the growth characteristics indicate that SAG 2214 may
be a source for genes and proteins involved in the metabo-
lism of sucrose, as well as signaling and transit peptides
responsible for the correct localization of such enzymes.
SAG 2214 and other strains with a high degree of genomic
similarity may also be strains useful for oil production using
sucrose as a source of fixed carbon.

Although this invention has been described in connection
with specific embodiments thereof, it will be understood that
it is capable of further modifications. This application is
intended to cover any variations, uses, or adaptations of the
invention following, in general, the principles of the inven-
tion and including such departures from the present disclo-
sure as come within known or customary practice within the
art to which the invention pertains and as may be applied to
the essential features hereinbefore set forth.

All references cited herein, including patents, patent
applications, and publications, are hereby incorporated by
reference in their entireties, whether previously specifically
incorporated or not. The publications mentioned herein are
cited for the purpose of describing and disclosing reagents,
methodologies and concepts that may be used in connection
with the present invention. Nothing herein is to be construed
as an admission that these references are prior art in relation
to the inventions described herein. In particular, the follow-
ing patent applications are hereby incorporated by reference
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in their entireties for all purposes: U.S. Provisional Appli-
cation No. 60/941,581, filed Jun. 1, 2007, entitled “Produc-
tion of Hydrocarbons in Microorganisms™; U.S. Provisional
Application No. 60/959,174, filed Jul. 10, 2007, entitled
“Production of Hydrocarbons in Microorganisms™; U.S.
Provisional Application No. 60/968,291, filed Aug. 27,
2007, entitled “Production of Hydrocarbons in Microorgan-
isms”; U.S. Provisional Application No. 61/024,069, filed
Jan. 28, 2008, entitled “Production of Hydrocarbons in

Microorganisms™; PCT Application No. PCT/US08/65563, 10

filed Jun. 2, 2008, entitled ‘“Production of Oil in Microor-
ganisms”; U.S. patent application Ser. No. 12/131,783, filed
Jun. 2, 2008, entitled “Use of Cellulosic Material for Cul-
tivation of Microorganisms™; U.S. patent application Ser.

No. 12/131,773, filed Jun. 2, 2008, entitled “Renewable 15

Diesel and Jet Fuel from Microbial Sources”; U.S. patent
application Ser. No. 12/131,793, filed Jun. 2, 2008, entitled
“Sucrose Feedstock Utilization for Oil-Based Fuel Manu-
facturing”; U.S. patent application Ser. No. 12/131,766, filed
Jun. 2, 2008, entitled “Glycerol Feedstock Utilization for
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Oil-Based Fuel Manufacturing”; U.S. patent application Ser.
No. 12/131,804, filed Jun. 2, 2008, entitled “Lipid Pathway
Modification in Oil-Bearing Microorganisms™; U.S. Patent
Application No. 61/118,590, filed Nov. 28, 2008, entitled
“Production of Oil in Microorganisms™; U.S. Provisional
Patent Application No. 61/118,994, filed Dec. 1, 2008,
entitled “Production of Oil in Microorganisms™; U.S. Pro-
visional Patent Application No. 61/174,357, filed Apr. 3,
2009, entitled “Production of Oil in Microorganisms™; U.S.
Provisional Patent Application No. 61/219,525, filed Jun.
23, 2009, entitled “Production of Oil in Microorganisms”;
U.S. patent application Ser. No. 12/628,140, filed Nov. 30,
2009, entitled “Novel Triglyceride and Fuel Compositions™;
U.S. patent application Ser. No. 12/628,147, filed Nov. 30,
2009, entitled “Nucleic Acids Useful in the Manufacture of
Oil”; U.S. patent application Ser. No. 12/628,149, filed Nov.
30, 2009, entitled “Renewable Chemical Production from
Novel Fatty Acid Feedstocks™; and U.S. patent application
Ser. No. 12/628,150, filed Nov. 30, 2009, entitled “Recom-
binant Microalgae Cells Producing Novel Oils”.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 143
<210> SEQ ID NO 1

<211> LENGTH: 1187

<212> TYPE: DNA

<213> ORGANISM: Chlorella sp.

<400> SEQUENCE: 1

gatcagacgg gcctgacctg cgagataatc aagtgctegt aggcaaccaa ctcagcagcet 60

gettggtgtt gggtcetgcag gatagtgttyg cagggeccca aggacageag gggaacttac

accttgteee cgacccagtt ttatggagtg cattgectca agagectage cggagcegceta

ggctacatac ttgccgcacc ggtatgaggyg gatatagtac tegeactgeg ctgtctagtg

agatgggcag tgctgeccat aaacaactgg ctgctcagec atttgttgge ggaccattcet

gggggggcca gcaatgectg actttegggt agggtgaaaa ctgaacaaag actaccaaaa

cagaatttet tectecttgg aggtaagege aggceggcecce gectgegece acatggegcet

ccgaacacct ccatagetgt aagggegcaa acatggecgg actgttgtca gcactettte

atggccatac aaggtcatgt cgagattagt gctgagtaag acactatcac cccatgtteg

attgaagceg tgacttcatg ccaacctgece cctgggegta gecagacgtat gccatcatga

ccactageeg acatgegetg tettttgeca ccaaaacaac tggtacaccg ctcegaagtceg

tgccgeacac cteegggagt gagtceggeg actcectecee ggegggecege ggccctacct

gggtagggtce gccatacgece cacgaccaaa cgacgcagga ggggattggg gtagggaatce

ccaaccagece taaccaagac ggcacctata ataataggtg gggggactaa cagccctata

tcegeaagett tgggtgecta tettgagaag cacgagttgg agtggetgtg tacggtcegac

cctaaggtgyg gtgtgecgea gectgaaaca aagegtctag cagetgette tataatgtgt

cagcegttgt gtttcagtta tattgtatge tattgtttgt tegtgetagg gtggegcagg

cccacctact gtggegggece attggttggt gettgaattg cctcaccate taaggtcetga

acgctcacte aaacgecttt gtacaactge agaactttece ttggegetge aactacagtyg

tgcaaaccag cacatagcac tcccttacat cacccagcag tacaaca

<210> SEQ ID NO 2
<211> LENGTH: 1414

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1187
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-continued
<212> TYPE: DNA
<213> ORGANISM: Chlorella ellipsoidea
<400> SEQUENCE: 2
cgctgegeac cagggecgece agetegetga tgtegetceca aatgeggtee cccgattttt 60
tgttcttcat cttctecace ttggtggect tettggecag ggecttcage tgcatgegeca 120
cagaccgttyg agctectgat cagcatccte aggaggecct ttgacaagca ageccectgtg 180
caagcccatt cacggggtac cagtggtget gaggtagatg ggtttgaaaa ggattgeteg 240
gtcgattget gctcatggaa ttggcatgtg catgcatgtt cacaatatge caccaggett 300
tggagcaaga gagcatgaat gecttcagge aggttgaaag tteetggggg tgaagaggca 360
gggccgagga ttggaggagg aaagcatcaa gtcegtegete atgetcatgt tttcagtcag 420
agtttgccaa gctcacagga gcagagacaa gactggetge tcaggtgttg catcegtgtgt 480
gtggtggggy ggggggggtt aatacggtac gaaatgcact tggaattccce acctecatgec 540
agcggaccca catgcttgaa ttegaggect gtggggtgag aaatgetcac tcetgeccteg 600
ttgctgaggt acttcaggece getgagetca aagtegatge cetgetegte tatcagggece 660
tgcacctetyg ggctgacegg ctecagectee ttegegggea tggagtagge gecggcageg 720

ttcatgtceg ggcccaggge ageggtggtyg ccataaatgt cggtgatggt ggggaggggg 780

gecgtegeca caccattgee gttgetgget gacgcatgeca catgtggect ggetggeacce 840
ggcagcactyg gtcteccagee agccagcaag tggctgttca ggaaagegge catgttgttg 900
gtcectgege atgtaattcec ccagatcaaa ggagggaaca gcttggattt gatgtagtge 960

ccaaccggac tgaatgtgcg atggcaggtc cctttgagtc tcccgaatta ctagcagggce 1020
actgtgacct aacgcagcat gccaaccgca aaaaaatgat tgacagaaaa tgaagcggtyg 1080
tgtcaatatt tgctgtattt attcgtttta atcagcaacc aagttcgaaa cgcaactatc 1140
gtggtgatca agtgaacctc atcagactta cctcegttcgg caaggaaacg gaggcaccaa 1200
attccaattt gatattatcg cttgccaagc tagagctgat ctttgggaaa ccaactgcca 1260
gacagtggac tgtgatggag tgccccgagt ggtggagcct cttcecgattcg gttagtcatt 1320
actaacgtga accctcagtg aagggaccat cagaccagaa agaccagatc tcctectcga 1380
caccgagaga gtgttgcggce agtaggacga caag 1414
<210> SEQ ID NO 3

<211> LENGTH: 512

<212> TYPE: PRT

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown: Yeast sequence

<400> SEQUENCE: 3

Met Thr Asn Glu Thr Ser Asp Arg Pro Leu Val His Phe Thr Pro Asn
1 5 10 15

Lys Gly Trp Met Asn Asp Pro Asn Gly Leu Trp Tyr Asp Glu Lys Asp
20 25 30

Ala Lys Trp His Leu Tyr Phe Gln Tyr Asn Pro Asn Asp Thr Val Trp
35 40 45

Gly Thr Pro Leu Phe Trp Gly His Ala Thr Ser Asp Asp Leu Thr Asn
50 55 60

Trp Glu Asp Gln Pro Ile Ala Ile Ala Pro Lys Arg Asn Asp Ser Gly
65 70 75 80

Ala Phe Ser Gly Ser Met Val Val Asp Tyr Asn Asn Thr Ser Gly Phe
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122

Phe

Tyr

Gly

Asn

145

Gln

Ile

Ala

Glu

Ile

225

Phe

Ser

Phe

Ser

Ser

305

Asn

Ile

Thr

Leu

Lys

385

Pro

Phe

Tyr

Asn

Leu
465

Phe

Asn

Asn

Gly

130

Ser

Lys

Tyr

Asn

Val

210

Ser

Val

Arg

Asn

Asn

290

Met

Pro

Ser

Lys

Glu

370

Ser

Glu

Leu

Phe

Asp
450
Glu

Met

Asp

Asp

Thr

115

Tyr

Thr

Trp

Ser

Glu

195

Pro

Ile

Gly

Val

Thr

275

Trp

Ser

Glu

Asn

Ala

355

Phe

Val

Glu

Asp

Thr

435

Leu

Leu

Thr

Asn

Thr

100

Pro

Thr

Gln

Ile

Ser

180

Gly

Thr

Asn

Ser

Val

260

Asp

Glu

Leu

Thr

Ala

340

Asn

Glu

Phe

Tyr

Arg

420

Asn

Ser

Tyr

Thr

Leu
500

85

Ile

Glu

Phe

Phe

Met

165

Asp

Phe

Glu

Pro

Phe

245

Asp

Pro

Tyr

Val

Glu

325

Gly

Ser

Leu

Ala

Leu

405

Gly

Arg

Tyr

Phe

Gly
485

Phe

Asp

Ser

Thr

Arg

150

Thr

Asp

Leu

Gln

Gly

230

Asn

Phe

Thr

Ser

Arg

310

Leu

Pro

Tyr

Val

Asp

390

Arg

Asn

Met

Tyr

Asn
470

Asn

Tyr

90 95

Pro Arg Gln Arg Cys Val Ala Ile Trp
105 110

Glu Glu Gln Tyr Ile Ser Tyr Ser Leu
120 125

Glu Tyr Gln Lys Asn Pro Val Leu Ala
135 140

Asp Pro Lys Val Phe Trp Tyr Glu Pro
155

Ala Ala Lys Ser Gln Asp Tyr Lys Ile
170 175

Leu Lys Ser Trp Lys Leu Glu Ser Ala
185 190

Gly Tyr Gln Tyr Glu Cys Pro Gly Leu
200 205

Asp Pro Ser Lys Ser Tyr Trp Val Met
215 220

Ala Pro Ala Gly Gly Ser Phe Asn Gln
235

Gly Thr His Phe Glu Ala Phe Asp Asn
250 255

Gly Lys Asp Tyr Tyr Ala Leu Gln Thr
265 270

Tyr Gly Ser Ala Leu Gly Ile Ala Trp
280 285

Ala Phe Val Pro Thr Asn Pro Trp Arg
295 300

Lys Phe Ser Leu Asn Thr Glu Tyr Gln
315

Ile Asn Leu Lys Ala Glu Pro Ile Leu
330 335

Trp Ser Arg Phe Ala Thr Asn Thr Thr
345 350

Asn Val Asp Leu Ser Asn Ser Thr Gly
360 365

Tyr Ala Val Asn Thr Thr Gln Thr Ile
375 380

Leu Ser Leu Trp Phe Lys Gly Leu Glu
395

Met Gly Phe Glu Val Ser Ala Ser Ser
410 415

Ser Lys Val Lys Phe Val Lys Glu Asn
425 430

Ser Val Asn Asn Gln Pro Phe Lys Ser
440 445

Lys Val Tyr Gly Leu Leu Asp Gln Asn
455 460

Asp Gly Asp Val Val Ser Thr Asn Thr
475

Ala Leu Gly Ser Val Asn Met Thr Thr
490 495

Ile Asp Lys Phe Gln Val Arg Glu Val
505 510

Thr

Asp

Ala

Ser

160

Glu

Phe

Ile

Phe

Tyr

240

Gln

Phe

Ala

Ser

Ala

320

Asn

Leu

Thr

Ser

Asp

400

Phe

Pro

Glu

Ile

Tyr
480

Gly

Lys
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<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown: Yeast sequence

<400> SEQUENCE: 4

Met Leu Leu Gln Ala Phe Leu Phe Leu Leu Ala Gly Phe Ala Ala Lys
1 5 10 15

Ile Ser Ala Ser
20

<210> SEQ ID NO 5

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown: Higher plant secretion
signal

<400> SEQUENCE: 5

Met Ala Asn Lys Ser Leu Leu Leu Leu Leu Leu Leu Gly Ser Leu Ala
1 5 10 15

Ser Gly

<210> SEQ ID NO 6

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
consensus sequence

<400> SEQUENCE: 6

Met Ala Arg Leu Pro Leu Ala Ala Leu Gly
1 5 10

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 7

Met Ala Asn Lys Leu Leu Leu Leu Leu Leu Leu Leu Leu Leu Pro Leu
1 5 10 15

Ala Ala Ser Gly
20

<210> SEQ ID NO 8

<211> LENGTH: 2615

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 8

gaattcccca acatggtgga gcacgacact ctegtctact ccaagaatat caaagataca 60
gtctcagaag accaaagggc tattgagact tttcaacaaa gggtaatatc gggaaacctc 120
ctcggattcee attgeccage tatctgtcac ttcatcaaaa ggacagtaga aaaggaaggt 180

ggcacctaca aatgccatca ttgcgataaa ggaaaggcta tcgttcaaga tgectctgec 240
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gacagtggte ccaaagatgg acccccacce acgaggagca tcgtggaaaa agaagacgtt 300
ccaaccacgt cttcaaagca agtggattga tgtgaacatyg gtggagcacyg acactctcgt 360
ctactccaag aatatcaaag atacagtctc agaagaccaa agggctattyg agacttttca 420
acaaagggta atatcgggaa acctcctegg attccattge ccagctatct gtcacttcat 480
caaaaggaca gtagaaaagg aaggtggcac ctacaaatge catcattgeg ataaaggaaa 540
ggctategtt caagatgcct ctgecgacag tggtcccaaa gatggacccce cacccacgag 600
gagcatcgtyg gaaaaagaag acgttccaac cacgtcttca aagcaagtgg attgatgtga 660
tatctccact gacgtaaggg atgacgcaca atcccactat ccttegcaag acccttecte 720
tatataagga agttcatttc atttggagag gacacgctga aatcaccagt ctctctctac 780
aaatctatct ctggcgcgcec atatcaatgce ttcecttcagge ctttettttt cttettgetg 840
gttttgctge caagatcage gcctctatga cgaacgaaac ctcggataga ccacttgtge 900
actttacacc aaacaagggc tggatgaatg accccaatgg actgtggtac gacgaaaaag 960
atgccaagtg gcatctgtac tttcaataca acccgaacga tactgtctgg gggacgccat 1020
tgttttgggg ccacgccacg tccgacgacce tgaccaattg ggaggaccaa ccaatagcta 1080
tcgctecgaa gaggaacgac tcecggagcat tctegggtte catggtggtt gactacaaca 1140
atacttccgg ctttttcaac gataccattg acccgagaca acgctgcgtg gecatatgga 1200
cttacaacac accggagtcc gaggagcagt acatctcgta tagcctggac ggtggataca 1260
cttttacaga gtatcagaag aaccctgtgc ttgctgcaaa ttcgactcag ttccgagatce 1320
cgaaggtctt ttggtacgag ccctcecgcaga agtggatcat gacagcggca aagtcacagg 1380
actacaagat cgaaatttac tcgtctgacg accttaaatc ctggaagctc gaatccgegt 1440
tcgcaaacga gggctttete ggctaccaat acgaatgccce aggcctgata gaggtcccaa 1500
cagagcaaga tcccagcaag tcctactggg tgatgtttat ttccattaat ccaggagcac 1560
cggcaggagg ttcttttaat cagtacttcg tcggaagcett taacggaact catttcgagg 1620
catttgataa ccaatcaaga gtagttgatt ttggaaagga ctactatgcc ctgcagactt 1680
tcttcaatac tgacccgacce tatgggagcg ctcecttggcat tgcegtggget tcetaactggg 1740
agtattccge attcgttect acaaaccctt ggaggtcectce catgtcgcte gtgaggaaat 1800
tctetetcaa cactgagtac caggccaacce cggaaaccga actcataaac ctgaaagccg 1860
aaccgatcct gaacattagce aacgctggce cctggagecg gtttgcaacce aacaccacgt 1920
tgacgaaagc caacagctac aacgtcgatc tttcgaatag caccggtaca cttgaatttg 1980
aactggtgta tgccgtcaat accacccaaa cgatctcgaa gtcggtgtte geggacctcet 2040
ccetetggtt taaaggcctyg gaagaccccg aggagtacct cagaatgggt ttcgaggttt 2100
ctgcgtecte cttcettectt gatcgcecggga acagcaaagt aaaatttgtt aaggagaacc 2160
catattttac caacaggatg agcgttaaca accaaccatt caagagcgaa aacgacctgt 2220
cgtactacaa agtgtatggt ttgcttgatc aaaatatcct ggaactctac ttcaacgatg 2280
gtgatgtcgt gtccaccaac acatacttca tgacaaccgg gaacgcactg ggctccgtga 2340
acatgacgac gggtgtggat aacctgttct acatcgacaa attccaggtg agggaagtca 2400
agtgagatct gtcgatcgac aagctcgagt ttctccataa taatgtgtga gtagttccca 2460
gataagggaa ttagggttcc tatagggttt cgctcatgtg ttgagcatat aagaaaccct 2520
tagtatgtat ttgtatttgt aaaatacttc tatcaataaa atttctaatt cctaaaacca 2580
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aaatccagta ctaaaatcca gatcccccga attaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 9

tgttgaagaa tgagcecggeg ac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 10

cagtgagcta ttacgcactce

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 11

LENGTH: 541

TYPE: DNA

ORGANISM: Prototheca kruegani

SEQUENCE: 11

2615

Synthetic

22

Synthetic

20

tgttgaagaa tgagccggeg agttaaaaag agtggcatgg ttaaagaaaa tactctggag 60

ccatagcgaa agcaagttta gtaagcettag gtcattettt ttagaccega aaccgagtga 120

tctacccatg atcagggtga agtgttagta aaataacatg gaggcccgaa ccgactaatg 180

ttgaaaaatt agcggatgaa ttgtgggtag gggcgaaaaa ccaatcgaac tcggagttag 240

ctggttectee ccgaaatgeg tttaggegca gcagtagcag tacaaataga ggggtaaage 300

actgtttett ttgtgggett cgaaagttgt acctcaaagt ggcaaactct gaatactcta 360

tttagatatc tactagtgag accttggggg ataagctcet tggtcaaaag ggaaacagcc 420

cagatcacca gttaaggccce caaaatgaaa atgatagtga ctaaggatgt gggtatgtca 480

aaacctccag caggttaget tagaagcage aatcctttea agagtgegta atagctcact 540

g

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 12

LENGTH: 573

TYPE: DNA

ORGANISM: Prototheca wickerhamii

SEQUENCE: 12

541

tgttgaagaa tgagccggeg acttaaaata aatggcagge taagagattt aataactcga 60

aacctaagcg aaagcaagtc ttaataggge gtcaatttaa caaaacttta aataaattat 120

aaagtcattt attttagacc cgaacctgag tgatctaacc atggtcagga tgaaacttgg 180

gtgacaccaa gtggaagtcc gaaccgaccyg atgttgaaaa atcggeggat gaactgtggt 240

tagtggtgaa ataccagtcg aactcagage tagctggtte tececcgaaat gegttgagge 300

gcagcaatat atctcgtcta tctaggggta aagcactgtt teggtgeggyg ctatgaaaat 360

ggtaccaaat cgtggcaaac tctgaatact agaaatgacg atatattagt gagactatgg 420

gggataagct ccatagtcga gagggaaaca gcccagacca ccagttaagg ccccaaaatg 480
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ataatgaagt ggtaaaggag gtgaaaatgc aaatacaacc aggaggttgg cttagaagca

geccatccttt aaagagtgeg taatagctca ctg

<210> SEQ ID NO 13
<211> LENGTH: 541

<212> TYPE:

DNA

<213> ORGANISM: Prototheca stagnora

<400> SEQUENCE: 13

tgttgaagaa

ccatagcgaa

tctacccatg

gtgaaaaatt

ctggttetee

actgtttett

tttagatatc

cagatcacca

aaacctccag

g

tgagceggeyg
agcaagtttt
atcagggtga
agcggatgaa
ccgaaatgeg
ttgtgggett
tactagtgag
gttaaggcce

caggttagcet

<210> SEQ ID NO 14
<211> LENGTH: 541

<212> TYPE:

DNA

agttaaaaaa
acaagctata
agtgttggtce
ttgtgggtag
tttaggcgca
cgaaagttgt
accttggggg
caaaatgaaa

tagaagcagc

aatggcatgg
gtcatttttt
aaataacatg
gggcgaaaaa
gcagtagcaa
acctcaaagt
ataagctect
atgatagtga

aatcctttca

<213> ORGANISM: Prototheca moriformis

<400> SEQUENCE: 14

tgttgaagaa

ccatagcgaa

tctacccatg

gtgaaaaatt

ctggttetee

actgtttett

tttagatatc

cagatcacca

aaacctccag

g

tgagceggeyg
agcaagttta
atcagggtga
agcggatgaa
ccgaaatgeg
ttgtgggett
tactagtgag
gttaaggcce

caggttagcet

<210> SEQ ID NO 15
<211> LENGTH: 573

<212> TYPE

: DNA

agttaaaaag
acaagctaaa
agtgttggta
ttgtgggtag
tttaggcgca
cgaaagttgt
accttggggg
caaaatgaaa

tagaagcagc

agtggcatgg
gtcacccttt
aaataacatg
gggcgaaaaa
gcagtagcaa
acctcaaagt
ataagctect
atgatagtga

aatcctttca

<213> ORGANISM: Prototheca moriformis

<400> SEQUENCE: 15

tgttgaagaa

aacctaageg

aaagtcattt

gtgacaccaa

tagtggtgaa

tgagccggeg

aaagcaagtc

attttagacc

gtggaagtce

ataccagtcg

acttaaaata

ttaatagggc

cgaacctgag

gaaccgaccyg

aactcagagc

aatggcaggc

gctaatttaa

tgatctaacc

atgttgaaaa

tagctggtte

ttaaagatat

ttagacccga

gaggcccgaa

ccaatcgaac

cacaaataga

ggcaaactct

tggtcaaaag

ctaaggacgt

agagtgcgta

ttaaagataa

ttagacccga

gaggcccgaa

ccaatcgaac

cacaaataga

ggcaaactct

tggtcaaaag

ctaaggatgt

agagtgcgta

taagagaatt

caaaacatta

atggtcagga

atcggcggat

tccecgaaat

ttctectgaag

aaccgagtga

ccgactaatg

tcggagttag

ggggtaaagc

gaatactcta

ggaaacagcce

gagtatgtca

atagctcact

ttctetggag

aaccgagtga

ccgactaatg

tcggagttag

ggggtaaagc

gaatactcta

ggaaacagcce

gggtatgtta

atagctcact

aataactcga

aataaaatct

tgaaacttgyg

gaactgtggt

gegttgagge

540

573

60

120

180

240

300

360

420

480

540

541

60

120

180

240

300

360

420

480

540

541

60

120

180

240

300
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gcagcaatat atctcgtcta tctaggggta aagcactgtt teggtgeggg ctatgaaaat 360
ggtaccaaat cgtggcaaac tctgaatact agaaatgacg atatattagt gagactatgg 420
gggataagct ccatagtcga gagggaaaca gcccagacca ccagttaagg ccccaaaatg 480
ataatgaagt ggtaaaggag gtgaaaatgc aaatacaacc aggaggttgg cttagaagca 540
gccatccttt aaagagtgcg taatagctca ctg 573
<210> SEQ ID NO 16
<211> LENGTH: 573
<212> TYPE: DNA
<213> ORGANISM: Prototheca wickerhamii
<400> SEQUENCE: 16
tgttgaagaa tgagccgtcg acttaaaata aatggcagge taagagaatt aataactcga 60
aacctaagcg aaagcaagtc ttaatagggce gctaatttaa caaaacatta aataaaatct 120
aaagtcattt attttagacc cgaacctgag tgatctaacc atggtcagga tgaaacttgg 180
gtgacaccaa gtggaagtcc gaaccgaccg atgttgaaaa atcggceggat gaactgtggt 240
tagtggtgaa ataccagtcg aactcagagce tagctggtte tcecccgaaat gegttgagge 300
gcagcaatat atctcgtcta tctaggggta aagcactgtt teggtgeggg ctatgaaaat 360
ggtaccaaat cgtggcaaac tctgaatact agaaatgacg atatattagt gagactatgg 420
gggataagct ccatagtcga gagggaaaca gcccagacca ccagttaagg ccccaaaatg 480
ataatgaagt ggtaaaggag gtgaaaatgc aaatacaacc aggaggttgg cttagaagca 540
gccatccttt aaagagtgcg taatagctca ctg 573
<210> SEQ ID NO 17
<211> LENGTH: 541
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 17
tgttgaagaa tgagccggceg agttaaaaag agtggcegtgg ttaaagaaaa ttctctggaa 60
ccatagcgaa agcaagttta acaagcttaa gtcacttttt ttagacccga aaccgagtga 120
tctacccatg atcagggtga agtgttggta aaataacatyg gaggcccgaa ccgactaatg 180
gtgaaaaatt agcggatgaa ttgtgggtag gggcgaaaaa ccaatcgaac tcggagttag 240
ctggttetee ccgaaatgceg tttaggegca gcagtagcaa cacaaataga ggggtaaage 300
actgtttett ttgtgggctc cgaaagttgt acctcaaagt ggcaaactct gaatactcta 360
tttagatatc tactagtgag accttggggg ataagctcect tggtcgaaag ggaaacagcce 420
cagatcacca gttaaggccce caaaatgaaa atgatagtga ctaaggatgt gagtatgtca 480
aaacctccag caggttagct tagaagcagce aatccttteca agagtgcgta atagctcact 540
g 541
<210> SEQ ID NO 18
<211> LENGTH: 541
<212> TYPE: DNA
<213> ORGANISM: Prototheca zopfii
<400> SEQUENCE: 18
tgttgaagaa tgagccggcg agttaaaaag agtggcatgg ttaaagaaaa ttctctggag 60
ccatagcgaa agcaagttta acaagcttaa gtcacttttt ttagacccga aaccgagtga 120
tctacccatg atcagggtga agtgttggta aaataacatyg gaggcccgaa ccgactaatg 180
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gtgaaaaatt agcggatgaa ttgtgggtag gggcgaaaaa ccaatcgaac tcggagttag 240
ctggttctcec ccgaaatgcg tttaggcgca gcagtagcaa cacaaataga ggggtaaagc 300
actgtttcett tecgtgggett cgaaagttgt acctcaaagt ggcaaactct gaatactcta 360
tttagatatc tactagtgag accttggggg ataagctcct tggtcaaaag ggaaacagcc 420
cagatcacca gttaaggccc caaaatgaaa atgatagtga ctaaggatgt gagtatgtca 480
aaacctccag caggttagct tagaagcagc aatcctttca agagtgegta atagctcact 540
g 541
<210> SEQ ID NO 19
<211> LENGTH: 565
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 19
tgttgaagaa tgagccggcg acttagaaaa ggtggcatgg ttaaggaaat attccgaagce 60
cgtagcaaaa gcgagtctga atagggcgat aaaatatatt aatatttaga atctagtcat 120
tttttctaga cccgaacceg ggtgatctaa ccatgaccag gatgaagctt gggtgatacc 180
aagtgaaggt ccgaaccgac cgatgttgaa aaatcggcgg atgagttgtg gttageggtg 240
aaataccagt cgaacccgga gctagctggt tctccccgaa atgegttgag gcgcagcagt 300
acatctagtc tatctagggg taaagcactg tttcggtgeg ggctgtgaga acggtaccaa 360
atcgtggcaa actctgaata ctagaaatga cgatgtagta gtgagactgt gggggataag 420
ctccattgtc aagagggaaa cagcccagac caccagctaa ggccccaaaa tggtaatgta 480
gtgacaaagg aggtgaaaat gcaaatacaa ccaggaggtt ggcttagaag cagccatcct 540
ttaaagagtg cgtaatagct cactg 565

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 20
H: 550
PRT

<213> ORGANISM: Cichorium intybus

<400> SEQUENCE: 20

Met Ser Asn
1

Glu Gln Pro

Met Asn Asp

Phe Tyr Gln
50

Trp Ala His
65

Leu Ala Phe

Gly Ser Ala

Gly Ile Asp
115

Asp Leu Ser
130

Pro Ile Ile

Ser Ser Asn Ala Ser

Tyr Arg Thr Ala Phe

20

Pro Asn Gly Pro Met

40

Tyr Asn Pro Phe Gly

55

Ser Val Ser His Asp

70

Ala Pro Thr Glu Pro

85

Thr Val Leu Pro Gly

100

Thr Glu Asn Arg Gln

120

Asp Pro Tyr Leu Arg

135

Ser Leu Pro Glu Glu

Glu

His

25

Cys

Pro

Leu

Phe

Asn

105

Val

Glu

Ile

Ser

10

Phe

Tyr

Leu

Ile

Asp

90

Lys

Gln

Trp

Gln

Leu

Gln

Asn

Trp

Asn

75

Ile

Pro

Asn

Val

Pro

Phe Pro Ala
Pro Pro Gln
30

Gly Val Tyr
45

Asn Leu Arg
60

Trp Ile His

Asn Gly Cys

Ile Met Leu

110

Leu Ala Val
125

Lys His Thr
140

Asp Asp Phe

Thr Ser

15

Asn Trp

His Leu

Met Tyr

Leu Asp
80

Leu Ser

95

Tyr Thr

Pro Lys

Gly Asn

Arg Asp
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145

Pro

Gly

Asp

Gly

Ser

225

Lys

Leu

Glu

Ser

Trp

305

Ser

Lys

Asn

Glu

Lys

385

Asp

Phe

Gln

Glu

465

Glu

Gly

Ala

Ser

Met
545

Thr

Ser

Phe

Thr

210

Thr

His

Ile

Leu

Lys

290

Val

Gly

Gln

Glu

Val

370

Leu

Pro

Gly

Thr

Leu

450

Lys

Ile

Gly

Ile

Val
530

Lys

Thr

Gln

Val

195

Gly

Asn

Val

Gly

Thr

275

Ser

Asn

Val

Leu

Val

355

Leu

Ala

Gln

Pro

Ala

435

Met

Arg

Ser

Arg

Gly

515

Glu

Val

Thr

Lys

180

Asn

Met

Gly

Leu

Lys

260

Leu

Phe

Glu

Gln

Leu

340

Ser

Gly

Asn

Leu

Phe

420

Ile

Cys

Thr

Leu

Gly

500

Glu

Ile

Glu

<210> SEQ ID NO

Trp

165

Asp

Trp

Trp

Val

Lys

245

Tyr

Ser

Phe

Ser

Ser

325

Gln

Phe

Ile

Leu

Ile

405

Gly

Phe

Ser

Tyr

Arg

485

Lys

Gln

Ser

Glu

21

150

Leu

Lys

Thr

Glu

Asp

230

Leu

Ser

Thr

Asp

Asp

310

Phe

Trp

His

Thr

Glu

390

Cys

Leu

Phe

Asp

Gly

470

Thr

Thr

Ala

Glu

Pro
550

Glu

Thr

Lys

Cys

215

Thr

Gly

Ala

Leu

Pro

295

Ser

Pro

Pro

Asn

Ala

375

Glu

Ser

Leu

Arg

Gln

455

Ala

Leu

Cys

Arg

Leu
535

Glu

Gly

Ser

200

Val

Ser

Ile

Asp

Arg

280

Val

Glu

Arg

Ile

Lys

360

Ser

Ala

Glu

Ala

Val

440

Ser

Phe

Ile

Ile

Leu
520

Ser

Asp

Ile

185

Asp

Asp

Ile

Gln

Lys

265

Leu

Lys

Ala

Ser

Glu

345

Lys

Gln

Glu

Asn

Leu

425

Phe

Arg

Val

Asp

Thr
505

Phe

Ala

Gly

170

Ala

Ser

Phe

Ile

Asp

250

Glu

Asp

Asn

Asp

Leu

330

Glu

Leu

Ala

Glu

Asp

410

Ala

Arg

Ser

Asp

His

490

Thr

Ala

Trp

155

Thr

Phe

Pro

Phe

Asn

235

His

Asn

Tyr

Arg

Val

315

Trp

Ile

Asp

Asp

Leu

395

Ala

Ser

Lys

Ser

Ile

475

Ser

Arg

Phe

Ser

Trp

Leu

Leu

Pro

220

Pro

Gly

Tyr

Gly

Arg

300

Ile

Leu

Glu

Gly

Val

380

Asp

Ser

Ser

Asn

Met

460

Asp

Ile

Val

Asn

Met
540

Arg

Tyr

His

205

Val

Ser

Lys

Val

Met

285

Ile

Ala

Asp

Met

Gly

365

Lys

Pro

Lys

Asp

Gly

445

Lys

Pro

Val

Tyr

His

525

Lys

Leu

His

190

Lys

Trp

Asn

Asp

Pro

270

Tyr

Met

Arg

Lys

Leu

350

Ser

Ile

Ser

Lys

Leu

430

Arg

Asn

Gln

Glu

Pro
510

Gly

Lys

Leu

175

Ser

Val

Val

Arg

Cys

255

Glu

Tyr

Thr

Gly

Asn

335

His

Ser

Ser

Trp

Gly

415

Arg

Tyr

Gly

Gln

Ser

495

Thr

Thr

Ala

160

Val

Gly

Ser

Asp

Val

240

Tyr

Asp

Ala

Ala

Trp

320

Gln

Gln

Leu

Phe

Val

400

Lys

Glu

Val

Ile

Asp

480

Phe

Leu

Glu

Gln
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137

-continued

138

<211> LENGTH: 581

<212> TYPE: PRT

<213> ORGANISM: Schizosaccharomyces pombe
<400> SEQUENCE: 21

Met Phe Leu Lys Tyr Ile Leu Ala Ser Gly Ile Cys Leu Val Ser
1 5 10 15

Leu Ser Ser Thr Asn Ala Ala Pro Arg His Leu Tyr Val Lys Arg
20 25 30

Pro Val Ile Tyr Asn Ala Ser Asn Ile Thr Glu Val Ser Asn Ser
Thr Val Pro Pro Pro Pro Phe Val Asn Thr Thr Ala Pro Asn Gly
50 55 60

Cys Leu Gly Asn Tyr Asn Glu Tyr Leu Pro Ser Gly Tyr Tyr Asn
65 70 75

Thr Asp Arg Pro Lys Ile His Phe Thr Pro Ser Ser Gly Phe Met
85 90 95

Asp Pro Asn Gly Leu Val Tyr Thr Gly Gly Val Tyr His Met Phe
100 105 110

Gln Tyr Ser Pro Lys Thr Leu Thr Ala Gly Glu Val His Trp Gly
115 120 125

Thr Val Ser Lys Asp Leu Ile His Trp Glu Asn Tyr Pro Ile Ala
130 135 140

Tyr Pro Asp Glu His Glu Asn Gly Val Leu Ser Leu Pro Phe Ser
145 150 155

Ser Ala Val Val Asp Val His Asn Ser Ser Gly Leu Phe Ser Asn
165 170 175

Thr Ile Pro Glu Glu Arg Ile Val Leu Ile Tyr Thr Asp His Trp
180 185 190

Gly Val Ala Glu Arg Gln Ala Ile Ala Tyr Thr Thr Asp Gly Gly
195 200 205

Thr Phe Lys Lys Tyr Ser Gly Asn Pro Val Leu Asp Ile Asn Ser
210 215 220

Gln Phe Arg Asp Pro Lys Val Ile Trp Asp Phe Asp Ala Asn Arg
225 230 235

Val Met Ile Val Ala Met Ser Gln Asn Tyr Gly Ile Ala Phe Tyr
245 250 255

Ser Tyr Asp Leu Ile His Trp Thr Glu Leu Ser Val Phe Ser Thr
260 265 270

Gly Tyr Leu Gly Leu Gln Tyr Glu Cys Pro Gly Met Ala Arg Val
275 280 285

Val Glu Gly Thr Asp Glu Tyr Lys Trp Val Leu Phe Ile Ser Ile
290 295 300

Pro Gly Ala Pro Leu Gly Gly Ser Val Val Gln Tyr Phe Val Gly
305 310 315

Trp Asn Gly Thr Asn Phe Val Pro Asp Asp Gly Gln Thr Arg Phe
325 330 335

Asp Leu Gly Lys Asp Phe Tyr Ala Ser Ala Leu Tyr His Ser Ser
340 345 350

Ala Asn Ala Asp Val Ile Gly Val Gly Trp Ala Ser Asn Trp Gln
355 360 365

Thr Asn Gln Ala Pro Thr Gln Val Phe Arg Ser Ala Met Thr Val
370 375 380

Arg Lys Phe Thr Leu Arg Asp Val Pro Gln Asn Pro Met Thr Asn

Leu

Tyr

Thr

Thr

Ala

80

Asn

Phe

His

Ile

Gly

160

Asp

Thr

Tyr

Leu

Trp

240

Ser

Ser

Pro

Asn

Asp

320

Val

Ser

Tyr

Ala

Leu
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-continued

140

385

Thr

Thr

Ser

Leu

Arg

465

Ala

Asp

Gly

Asp

545

Ala

Thr

<210>
<211>
<212>
<213>

<400>

Met

1

Asn

Leu

Asp

Lys

65

Lys

Asn

Asn

Tyr
145

Ser

Leu

Pro

Ser

450

Ile

Asp

Gln

Ile

Leu

530

Phe

Phe

Ile

Ile

Ser

Thr

Arg

50

Lys

Asp

Asp

Thr

Ala
130

Ser

Ile

Leu

Phe

Ile

435

Ile

Ile

Val

Met

Tyr

515

Leu

Phe

Gln

Trp

Gln

Ile

Pro

35

Lys

Ser

Leu

Asp

Ser

115

Ile

Leu

Asn

Ile

Thr

420

Thr

Asn

Ile

Asp

Gly

500

Ile

Glu

Phe

Gly

Asn

580

PRT

SEQUENCE :

Leu

Ala

20

Asp

Asp

Ile

Leu

Glu

100

Gly

Tyr

Asp

Val

Gln

405

Ala

Leu

Tyr

Asp

Phe

485

Trp

Tyr

Leu

Leu

Val

565

Cys

SEQ ID NO 22
LENGTH:
TYPE:
ORGANISM: Pichia anomala

550

22

Ser

Asp

Gln

Lys

Trp

Thr

85

Gly

Phe

Thr

Lys

Asn
165

390

Thr

Pro

Pro

Thr

Ser

470

Ala

Phe

Gly

Tyr

Gln

550

Ser

Pro

Ala

Gly

Leu

Ala

70

Trp

Ile

Phe

Asn

Gly

150

Ser

Pro

Val

Ser

Glu

455

Asp

Ala

Asn

Asn

Val

535

Gly

Phe

Leu

Ser

Trp

Trp

55

Thr

Asp

Phe

Asn

Asn
135

Tyr

Ser

Leu

Ile

Asn

440

Gly

Asp

Ser

Ser

Val

520

Asn

Ala

Asn

Leu

Thr

Met

40

His

Pro

Tyr

Ser

Asp
120
Ala

Ser

Gln

Asn

Asn

425

Thr

Cys

Pro

Thr

Leu

505

Thr

Asn

Thr

Asn

Leu

Glu

25

Asn

Val

Val

His

Gly

105

Ser

Gln

Phe

Gln

Val

410

Ser

Ala

Thr

Tyr

Leu

490

Phe

Leu

Gly

Pro

Val
570

Leu

10

Tyr

Asp

Tyr

Thr

Gly

90

Ser

Thr

Leu

Ile

Arg
170

395

Ser

Ser

Phe

Thr

Arg

475

Val

Thr

Tyr

Glu

Gly

555

Thr

Pro

Leu

Pro

Phe

Trp

Asn

Val

Asp

Gln

Lys
155

Asp

Leu

Ser

Glu

Gly

460

Leu

Ile

Pro

Gly

Lys

540

Gln

Val

Leu

Arg

Asn

Gln

60

Gly

Ala

Val

Pro

Thr
140

Tyr

Pro

Leu

Ser

Phe

445

Tyr

Gln

Asn

Ser

Ile

525

Thr

Ile

Thr

Phe

Pro

Gly

45

His

His

Leu

Val

Glu
125
Gln

Asp

Lys

Arg

Leu

430

Asn

Cys

Ser

Arg

Phe

510

Val

Tyr

Ser

Pro

Ser

Gln

30

Met

Asn

Ser

Glu

Asp

110

Gln

Glu

Gln

Val

Asp

415

Ser

Val

Leu

Ile

Ala

495

Ala

Asp

Thr

Phe

Leu
575

Val

Ile

Phe

Pro

Thr

Pro

95

Arg

Arg

Ile

Asn

Leu
175

400

Glu

Gly

Thr

Gly

Ser

480

Lys

Asn

Asn

Asn

Ala

560

Lys

Phe

His

Tyr

Asp

Ser

80

Glu

Asn

Ile

Ala

Pro
160

Trp
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-continued

142

Phe

Lys

Pro

225

Thr

Gly

Phe

Phe

Leu

305

Thr

Lys

Lys

Thr

Lys

385

Gly

Gly

Thr

Ser

Asn

465

Asp

Arg

Asn

Arg
545

<210>
<211>
<212>
<213>

<400>

Asp

Lys

Ser

210

Gly

Ser

Gly

His

Tyr

290

Gly

Glu

Tyr

Pro

Leu

370

Ser

Val

Tyr

Val

Thr

450

Ser

Thr

Asn

Thr

Cys
530

Glu

Glu

Val

195

Asn

Leu

Lys

Ser

Pro

275

Ala

Leu

Asn

Val

Val

355

Glu

Ser

Phe

Ser

Lys

435

Thr

Pro

Thr

Ile

Phe

515

Asp

Leu

Ser

180

Gln

Phe

Phe

Trp

Ile

260

Asp

Phe

Ala

Trp

Asp

340

Tyr

Thr

Phe

Glu

Asn

420

Gly

Trp

Val

Asp

Leu

500

Phe

Ser

Ala

PRT

SEQUENCE :

Asn

Ile

Thr

Lys

Val

245

Asn

Asp

Gln

Trp

Arg

325

Val

Asp

Ile

Val

Phe

405

Met

Ser

Tyr

Phe

Gln

485

Glu

Phe

Glu

Arg

SEQ ID NO 23
LENGTH:
TYPE :
ORGANISM: Debaryomyces occidentalis

533

23

Gln

Tyr

Ser

Leu

230

Leu

Glu

Gly

Ser

Ala

310

Ser

Asn

Thr

Asn

Ala

390

Asp

Thr

Gln

Ile

Thr

470

Gly

Leu

Arg

Lys

Lys
550

Trp

Gly

Asn

215

Pro

Leu

Tyr

Ala

Phe

295

Ser

Ser

Pro

Lys

Glu

375

Thr

Leu

Thr

Glu

Asp

455

Glu

Asn

Tyr

Glu

Ser
535

Ile

Ser

200

Gly

Ile

Leu

Phe

Thr

280

Asp

Asn

Met

Glu

Glu

360

Tyr

Asp

Lys

Gln

Thr

440

Arg

Arg

Val

Phe

Gly

520

Phe

Met

185

Pro

Tyr

Glu

Ala

Ile

265

Arg

Asn

Trp

Ser

Asn

345

Thr

Glu

Phe

Phe

Phe

425

Leu

Thr

Ile

Tyr

Asn

505

Lys

Ile

Val

Asp

Leu

Asn

Ile

250

Gly

Phe

Thr

Gln

Leu

330

Tyr

Arg

Val

Asn

Thr

410

Gly

Gln

Thr

Ser

Thr

490

Asp

Ile

Thr

Val

Leu

Gly

Pro

235

Asn

Asp

Met

Glu

Tyr

315

Val

Gly

Leu

Asn

Thr

395

Gln

Leu

Leu

Gln

Thr

475

Leu

Gly

Pro

Ile

Ala

Lys

Phe

220

Leu

Pro

Phe

Asp

Pro

300

Ala

Arg

Leu

Asn

Asp

380

Glu

Thr

Tyr

Val

His

460

Tyr

Tyr

Ser

Thr

Asp
540

Lys

Lys

205

Gln

Asn

Gly

Asp

Ile

285

Glu

Asn

Asn

Thr

Glu

365

Leu

Arg

Asp

Ile

Phe

445

Ser

Val

Gly

Ile

Ser

525

Glu

Thr

190

Trp

Tyr

Asp

Ser

Gly

270

Gly

Asp

Thr

Tyr

Leu

350

Thr

Lys

Asn

Leu

His

430

Asp

Phe

Glu

Val

Ala

510

Phe

Leu

Gln

Asp

Glu

Thr

Pro

255

Thr

Lys

Gly

Val

Thr

335

Ile

Leu

Leu

Ala

Lys

415

Ser

Thr

Gln

Lys

Val

495

Met

Glu

Ser

Glu

Leu

Cys

Val

240

Leu

Thr

Asp

Ala

Pro

320

Leu

Gln

Lys

Asp

Thr

400

Met

Gln

Leu

Arg

Ile

480

Asp

Thr

Val

Val
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143

-continued

144

Met

Phe

Glu

Asn

Leu

65

Tyr

Glu

Ser

Ile

Asp

145

Phe

Phe

Ala

Tyr

225

Asn

Ser

Gly

Gly

305

Pro

Leu

Ser

Asn

Ser

385

Asn

Val

Gly

Tyr

Asp

50

Tyr

Trp

Ile

Ile

Asp

130

Leu

Thr

Arg

Gly

Asn

210

Gly

Ser

Pro

Phe

Lys

290

Leu

Thr

Arg

Val

Val
370

Thr

Val

Gln

Tyr

Asn

35

Pro

Phe

Gly

Ala

Val

115

Pro

Gln

Lys

Asp

Cys

195

Leu

Asn

Asp

Leu

Gln

275

Asp

Gly

Asn

Tyr

Leu
355
Lys

Gly

Ser

Val

Val

20

Arg

Asn

Gln

His

Ile

100

Val

Asn

Thr

Tyr

Pro

180

Ser

Lys

Gln

Lys

Gly

260

Phe

Phe

Leu

Pro

Val

340

Pro

Leu

Leu

Pro

Leu

Ala

Pro

Gly

Tyr

Ala

85

Gly

Asp

Gln

Gln

Glu

165

Lys

Glu

Asn

Tyr

Ser

245

Gly

Val

Tyr

Ala

Trp

325

Ile

Asp

Thr

Phe

Gly
405

Ser

Ser

Leu

Leu

Asn

70

Thr

Pro

His

Arg

Asp

150

Asn

Val

Ile

Trp

Gly

230

Lys

Ser

Pro

Ala

Trp

310

Arg

Gln

Ser

Asn

Asp

390

Lys

Val Leu Val Ile Pro Leu Leu Thr Leu
Ser Ser Ile Asp Leu Ser Val Asp Thr
25 30

Ile His Phe Thr Pro Glu Lys Gly Trp
40 45

Phe Tyr Asp Lys Thr Ala Lys Leu Trp
55 60

Pro Asn Ala Thr Ala Trp Gly Gln Pro
75

Ser Asn Asp Leu Val His Trp Asp Glu
90 95

Glu His Asp Asn Glu Gly Ile Phe Ser
105 110

Asn Asn Thr Ser Gly Phe Phe Asn Ser
120 125

Ile Val Ala Ile Tyr Thr Asn Asn Ile
135 140

Ile Ala Phe Ser Leu Asp Gly Gly Tyr
155

Asn Pro Val Ile Asp Val Ser Ser Asn
170 175

Phe Trp His Glu Arg Phe Lys Ser Met
185 190

Ala Arg Val Lys Ile Gln Ile Phe Gly
200 205

Val Leu Asn Ser Asn Phe Ser Ser Gly
215 220

Met Ser Arg Leu Ile Glu Val Pro Ile
235

Trp Val Met Phe Leu Ala Ile Asn Pro
250 255

Ile Asn Gln Tyr Phe Val Gly Asp Phe
265 270

Asp Asp Ser Gln Thr Arg Phe Val Asp
280 285

Phe Gln Thr Phe Ser Glu Val Glu His
295 300

Ala Ser Asn Trp Gln Tyr Ala Asp Gln
315

Ser Ser Thr Ser Leu Ala Arg Asn Tyr
330 335

Met Leu Lys Leu Thr Ala Asn Ile Asp
345 350

Ile Asn Val Val Asp Lys Leu Lys Lys
360 365

Lys Lys Pro Ile Lys Thr Asn Phe Lys
375 380

Phe Asn Ile Thr Phe Lys Val Leu Asn
395

Thr His Phe Asp Ile Leu Ile Asn Ser
410 415

Phe

Ser

Met

His

Leu

80

His

Gly

Ser

Pro

Thr

160

Gln

Asp

Ser

Tyr

Glu

240

Gly

Asp

Ile

Gly

Val

320

Thr

Lys

Lys

Gly

Leu
400

Gln
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-continued

146

Glu

Gln

Arg

Asp

465

Lys

Asn

Arg

<210>
<211>
<212>
<213>

<400>

Leu

Ser

Lys

450

Tyr

Asn

Thr

Thr

Glu
530

Asn

Leu

435

Gln

Asp

Ile

Phe

Asp

515

Leu

Ser

420

Phe

Phe

Gln

Ile

Phe

500

Thr

Asn

PRT

SEQUENCE :

Met Ala Thr Ser

1

Ala

Glu

Ser

Ala

65

Met

Arg

Leu

Asn

His

145

Thr

Pro

Thr

Thr

Ala
225

Asn

Ala

Ile

Ser

50

Pro

Pro

Gly

Met

Trp

130

Leu

Trp

Phe

Gly

Gly

210

Asn

Pro

Val

Arg

35

Leu

Pro

Pro

Ala

Leu

115

Met

Phe

Gly

Ala

Ser
195
Asp

Leu

Val

Tyr

20

Asp

Leu

Ser

Ser

Ser

100

Ser

Asn

Tyr

His

Met

180

Ala

Thr

Ser

Ile

Ser

Tyr

Phe

Asp

Glu

485

Met

Glu

Lys

SEQ ID NO 24
LENGTH:
TYPE :
ORGANISM: Oryza sativa

654

24

Arg

Thr

Arg

Leu

His

Arg

Gly

Trp

Asp

Gln

Ala

165

Val

Thr

Asp

Asp

Tyr
245

Val

Ile

Thr

Leu

470

Leu

Gly

Glu

Leu

Pro

Lys

Leu

Ser

70

Gly

Ala

Gln

Pro

Tyr

150

Val

Pro

Ile

Asp

Pro
230

Pro

Asp

Asp

Asp

455

Arg

Tyr

Glu

Pro

Thr

Leu

Pro

Ala

55

Ser

Val

Gly

Arg

Asn

135

Asn

Ser

Asp

Leu

Tyr
215

Leu

Pro

Ser

Arg

440

Lys

Val

Phe

Gly

Leu
520

Pro

Pro

Phe

40

Leu

Gly

Ser

Asn

Thr

120

Gly

Pro

Thr

Gln

Pro
200
Val

Leu

Pro

Ile

425

His

Leu

Phe

Asn

Lys

505

Phe

Ala

Glu

25

Lys

Ile

Asp

Gln

Gly

105

Ser

Pro

Asp

Asp

Trp

185

Asp

Gln

Val

Gly

Lys

Ile

Ala

Ser

Asp

490

Tyr

Glu

Tyr

10

Gln

Ile

Leu

Asn

Gly

Val

Tyr

Leu

Ser

Leu

170

Tyr

Gly

Asp

Asp

Ile
250

Ile

Pro

Ala

Leu

475

Gly

Pro

Leu

Asp

Pro

Ile

Val

Ser

75

Val

Ser

His

Tyr

Ala

155

Ile

Asp

Arg

Gln

Trp
235

Gly

Gly

Asn

Tyr

460

Tyr

Thr

His

Glu

Leu

His

Ser

Ala

60

Gln

Ser

Phe

Phe

Tyr

140

Val

Asn

Val

Ile

Asn
220

Val

Val

Phe

Val

445

Leu

Gly

Val

Asp

Ser
525

Lys

Ser

Ala

45

Val

Pro

Glu

Ala

Gln

125

Lys

Trp

Trp

Asn

Val
205
Leu

Lys

Lys

Asp

430

Glu

Glu

Ile

Ala

Ile

510

Val

Asn

Ala

Ile

Asn

Ala

Lys

Trp

110

Pro

Gly

Gly

Leu

Gly

190

Met

Ala

Tyr

Asp

Ser

Phe

Pro

Val

Met

495

Gln

Ile

Ala

15

Glu

Ile

Tyr

Ala

Ala

Ser

Val

Trp

Asn

His

175

Val

Leu

Phe

Pro

Phe
255

Ser

Pro

Leu

Asp

480

Thr

Ile

Ile

Ala

Val

Leu

Gln

Val

80

Phe

Asn

Lys

Tyr

Ile

160

Leu

Trp

Tyr

Pro

Asn
240

Arg
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147

-continued

148

Asp

Glu
Ala
305

Ser

Tyr

Asn

Tyr

385

Leu

Lys

Lys

Ser

Gly

465

Thr

Ser

Arg

Leu

Gly

545

Ala

Asp

Glu

Pro

Ala
625

Ser

Pro

Thr

Thr

290

Val

Thr

Lys

Ala

Pro

370

Tyr

Trp

Gly

Lys

Trp

450

Ser

Ala

His

Gly

Ser

530

Lys

Ser

Gly

Ser

Thr
610

Thr

Phe

Thr

Ile

275

Thr

Pro

Thr

His

Leu

355

Asp

Ala

Gly

Trp

Thr

435

Ser

Val

Ser

Asp

Ser

515

Glu

Ala

Gly

Glu

Phe
595
Lys

Glu

Ile

Thr

260

Gly

Asn

Gly

Gly

Val

340

Gly

Leu

Ala

Trp

Ala

420

Gly

Ser

Val

Phe

Ala

500

Leu

Leu

Lys

Val

Asn

580

Ala

Asp

Ala

Arg

Ala

Ser

Phe

Thr

Glu

325

Leu

Thr

Asp

Arg

Ile

405

Ser

Thr

Gly

Pro

Glu

485

Gly

Gly

Thr

Ala

Glu

565

Tyr

Gln

Ile

Ser

Pro
645

<210> SEQ ID NO 25

<211> LENGTH:

690

Gly

Lys

Thr

Gly

310

Asn

Lys

Tyr

Val

Thr

390

Gly

Leu

Asn

Asp

Ile

470

Val

Tyr

Pro

Pro

His

550

Lys

Ser

Ala

Tyr

Val

630

Tyr

Thr Ala Gly Met Gln Asn Gly Gln Arg
265 270

Val Gly Lys Thr Gly Ile Ser Leu Val
280 285

Thr Phe Lys Leu Leu Tyr Gly Val Leu
295 300

Met Trp Glu Cys Val Asp Leu Tyr Pro
315

Gly Leu Asp Thr Ser Val Asn Gly Leu
330 335

Thr Ser Leu Asp Asp Asp Lys His Asp
345 350

Asp Pro Val Lys Asn Lys Trp Thr Pro
360 365

Gly Ile Gly Leu Arg Leu Asp Tyr Gly
375 380

Phe Tyr Asp Gln Asn Lys Gln Arg Arg
395

Glu Thr Asp Leu Glu Ala Val Asp Leu
410 415

Gln Ala Ile Pro Arg Thr Ile Val Phe
425 430

Val Leu Gln Arg Pro Glu Glu Glu Val
440 445

Pro Ile Thr Gln Arg Arg Ile Phe Glu
455 460

His Val Ser Gly Ala Thr Gln Leu Asp
475

Asp Glu Thr Leu Leu Glu Thr Thr Ser
490 495

Asp Cys Ser Asn Ser Gly Gly Ala Gly
505 510

Phe Gly Leu Leu Val Val Ala Asp Glu
520 525

Val Tyr Leu Tyr Val Ala Lys Gly Gly
535 540

Leu Cys Ala Tyr Gln Thr Arg Ser Ser
555

Glu Val Tyr Gly Ser Ala Val Pro Val
570 575

Ala Arg Ile Leu Ile Asp His Ser Ile
585 590

Gly Arg Thr Cys Val Arg Ser Arg Asp
600 605

Gly Ala Ala Arg Cys Phe Phe Phe Asn
615 620

Arg Ala Ser Leu Lys Ala Trp Gln Met
635

Pro Phe Ile Pro Asp Gln Lys Ser
650

Leu

Tyr

His

Val

320

Gly

Tyr

Asp

Lys

Ile

400

Met

Asp

Glu

Pro

Ile

480

Glu

Thr

Lys

Asp

Met

560

Leu

Val

Tyr

Asn

Lys
640
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149

-continued

150

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Pro

Leu

Ala

65

Gly

Phe

Arg

Gly

Met

145

Trp

Phe

Trp

Leu

Gly

225

Gly

Asp

Pro

Pro

Ile

305

Thr

Thr

Pro

Arg
385

Ser

Pro

Arg

Thr

50

Ser

Lys

Val

Gly

Leu

130

Leu

Met

Phe

Gly

Ala

210

Ser

Ala

Gln

Ile

Thr

290

Gly

Lys

Glu

Ala

Ser
370

His

Ser

Ser

Leu

35

Phe

Asp

Asp

Leu

Lys

115

Leu

Ser

Asn

Tyr

His

195

Met

Ala

Thr

Ser

Leu

275

Thr

Ser

Asp

Arg

Asp

355

Pro

Asp

Asp

Asp

20

Leu

Leu

Pro

Ala

Asp

100

Asp

Lys

Trp

Asp

Gln

180

Ala

Val

Thr

Asn

Asp

260

Val

Ala

Lys

Phe

Val

340

Ser

Ala

Tyr

Allium cepa

25

Asp Leu Glu Ser Pro Pro Ser Ser Tyr Leu Pro

Glu Phe His Asp Gln Pro Pro Pro Leu Arg Ser
25 30

Ser Ile Pro Leu Ala Leu Met Phe Leu Leu Phe
40 45

Ser Asn Leu Glu Ser Pro Pro Ser Asp Ser Gly
55 60

Val Thr Phe Asp Val Asn Pro Ala Val Val Arg
70 75

Gly Val Ser Asp Lys Thr Ser Gly Val Asp Ser
85 90 95

Pro Val Ala Val Asp Ala Asn Ser Val Val Val
105 110

Ala Gly Val Ser Asp Lys Thr Ser Gly Val Asp
120 125

Asp Ser Pro Leu Gly Pro Tyr Pro Trp Thr Asn
135 140

Gln Arg Thr Gly Phe His Phe Gln Pro Val Lys
150 155

Pro Asn Gly Pro Leu Tyr Tyr Lys Gly Trp Tyr
165 170 175

Tyr Asn Pro Glu Gly Ala Val Trp Gly Asn Ile
185 190

Val Ser Arg Asp Leu Val His Trp Thr His Leu
200 205

Pro Asp Gln Trp Tyr Asp Ile Asn Gly Val Trp
215 220

Ile Leu Pro Asp Gly Gln Ile Val Met Leu Tyr
230 235

Glu Ser Val Gln Val Gln Asn Leu Ala Val Pro
245 250 255

Thr Leu Leu Leu Arg Trp Lys Lys Ser Glu Ala
265 270

Pro Pro Pro Gly Ile Gly Asp Lys Asp Phe Arg
280 285

Trp Tyr Glu Pro Ser Asp Asp Thr Trp Arg Ile
295 300

Asp Ser Ser His Ser Gly Ile Ala Ile Val Tyr
310 315

Ile Asn Tyr Lys Leu Ile Pro Gly Ile Leu His
325 330 335

Gly Met Trp Glu Cys Val Asp Phe Tyr Pro Val
345 350

Ser His Ala Asn His Gly Leu Asp Pro Ser Ala
360 365

Val Lys His Val Leu Lys Ala Ser Met Asp Asp
375 380

Tyr Ala Ile Gly Thr Tyr Asp Pro Ala Gln Asn
390 395

Ile

Trp

Leu

Leu

Arg

80

Gly

His

Ser

Gln

Asn

160

His

Ala

Pro

Thr

Thr

240

Ala

Asn

Asp

Val

Ser

320

Ala

Ala

Arg

Asp

Thr
400
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151 152

-continued

Trp Val Pro Asp Asp Ala Ser Val Asp Val Gly Ile Gly Leu Arg Tyr
405 410 415

Asp Trp Gly Lys Phe Tyr Ala Ser Lys Thr Phe Tyr Asp His Ala Lys
420 425 430

Lys Arg Arg Ile Leu Trp Ser Trp Ile Gly Glu Thr Asp Ser Glu Thr
435 440 445

Ala Asp Ile Ala Lys Gly Trp Ala Ser Leu Gln Gly Val Pro Arg Thr
450 455 460

Val Leu Leu Asp Val Lys Thr Gly Ser Asn Leu Ile Thr Trp Pro Val
465 470 475 480

Val Glu Ile Glu Ser Leu Arg Thr Arg Pro Arg Asp Phe Ser Gly Ile
485 490 495

Thr Val Asp Ala Gly Ser Thr Phe Lys Leu Asp Val Gly Gly Ala Ala
500 505 510

Gln Leu Asp Ile Glu Ala Glu Phe Lys Ile Ser Ser Glu Glu Leu Glu
515 520 525

Ala Val Lys Glu Ala Asp Val Ser Tyr Asn Cys Ser Ser Ser Gly Gly
530 535 540

Ala Ala Glu Arg Gly Val Leu Gly Pro Phe Gly Leu Leu Val Leu Ala
545 550 555 560

Asn Gln Asp Leu Thr Glu Gln Thr Ala Thr Tyr Phe Tyr Val Ser Arg
565 570 575

Gly Met Asp Gly Gly Leu Asn Thr His Phe Cys Gln Asp Glu Lys Arg
580 585 590

Ser Ser Lys Ala Ser Asp Ile Val Lys Arg Ile Val Gly His Ser Val
595 600 605

Pro Val Leu Asp Gly Glu Ser Phe Ala Leu Arg Ile Leu Val Asp His
610 615 620

Ser Ile Val Glu Ser Phe Ala Gln Gly Gly Arg Ala Ser Ala Thr Ser
625 630 635 640

Arg Val Tyr Pro Thr Glu Ala Ile Tyr Asn Asn Ala Arg Val Phe Val
645 650 655

Phe Asn Asn Ala Thr Gly Ala Lys Val Thr Ala Gln Ser Leu Lys Val
660 665 670

Trp His Met Ser Thr Ala Ile Asn Glu Ile Tyr Asp Pro Ala Thr Ser
675 680 685

Val Met
690

<210> SEQ ID NO 26

<211> LENGTH: 501

<212> TYPE: PRT

<213> ORGANISM: Beta vulgaris

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (382)..(382)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 26

Leu Phe Tyr Gln Tyr Asn Pro Asn Gly Val Ile Trp Gly Pro Pro Val
1 5 10 15

Trp Gly His Ser Thr Ser Lys Asp Leu Val Asn Trp Val Pro Gln Pro
20 25 30

Leu Thr Met Glu Pro Glu Met Ala Ala Asn Ile Asn Gly Ser Trp Ser
35 40 45
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-continued

154

Gly

Gly

65

Asp

Pro

Arg

Leu

Ser

145

Asp

Ala

Tyr

Ile

225

Tyr

Leu

Gly

Leu

Arg

305

Gln

Ser

Trp

Gly

Glu

385

Lys

Pro

Ile

Glu

Pro

Ser

50

Leu

Thr

Val

Asp

Ile

130

Arg

Lys

Asn

Lys

Thr

210

Gly

Ala

Gly

Trp

Gly

290

Gln

Ile

Phe

Thr

Gly

370

Glu

Phe

Thr

Arg

Ser
450

Thr

Ala

Asp

Ser

Met

Pro

115

Gly

Asp

Leu

Gly

His

195

Ile

Tyr

Ser

Trp

Ser

275

Lys

Lys

Glu

Lys

Ser

355

Leu

Tyr

Val

Asn

Glu
435

Phe

Leu

Thr

Pro

Asp

Phe

100

Thr

Ser

Phe

Ser

Asp

180

Val

Gly

Met

Lys

Ala

260

Gly

Gln

Pro

Val

Ile

340

Pro

Gly

Thr

Val

Asp
420
Gly

Gly

Ala

Ile

Lys

Pro

85

Pro

Thr

Lys

Val

Gly

165

Gln

Leu

Asp

Asn

Thr

245

Asn

Ile

Leu

Val

Ser

325

Lys

Gln

Pro

Ala

Leu

405

Lys

Leu

Ala

Ile

Leu

Tyr

70

Asn

Thr

Ala

Arg

His

150

Met

Met

Lys

Tyr

Asp

230

Phe

Glu

His

Ile

Asn

310

Gly

Asp

Leu

Phe

Val

390

Met

Thr

Ser

Lys

Asn

Pro

55

Glu

Leu

Pro

Trp

Gly

135

Trp

Trp

Gly

Asn

Asn

215

Ser

Phe

Ser

Thr

Gln

295

Ile

Ile

Leu

Leu

Gly

375

Phe

Cys

Thr

Leu

Gly
455

Glu

Gly

Gln

Lys

Gln

Arg

120

Gln

Val

Glu

Val

Ser

200

Ile

Ser

Asp

Ser

Ile

280

Trp

Tyr

Thr

Lys

Cys

360

Leu

Phe

Ser

Tyr

Arg

440

Lys

Lys

Asn

Val

Glu

Asn

105

Leu

Arg

Gln

Cys

Asp

185

Leu

Lys

Leu

Asp

Ser

265

Pro

Pro

Arg

Ala

Asn

345

Ser

Leu

Arg

Asp

Gly

425

Val

Asn

Ala

Lys

Gln

Trp

90

Gln

Pro

Gly

Ala

Pro

170

Thr

Asp

Lys

Arg

Ala

250

Val

Arg

Ile

Lys

Ala

330

Val

Lys

Thr

Ile

Gln

410

Thr

Leu

Val

His

Pro

Val

75

Phe

Ile

Asp

Leu

Lys

155

Asp

Ser

Ile

Asp

Tyr

235

Lys

Glu

Lys

Ala

Val

315

Gln

Glu

Lys

Leu

Phe

395

Ser

Phe

Ile

Ile

Leu

Ala

60

Leu

Leu

Asn

Gly

Ser

140

His

Phe

Ile

Thr

Ala

220

Asp

Lys

Asp

Ile

Asn

300

Leu

Ala

Lys

Gly

Ala

380

Lys

Arg

Val

Asp

Thr
460

Tyr

Ile

Ala

Ala

Ala

Val

125

Leu

Pro

Phe

Ile

Lys

205

Tyr

Tyr

Glu

Asp

Trp

285

Ile

Lys

Asp

Phe

Ala

365

Ser

Ala

Ser

Asp

His

445

Ala

Val

Leu

Tyr

Pro

Thr

110

Trp

Leu

Leu

Pro

Gly

190

His

Thr

Gly

Arg

Ile

270

Leu

Glu

Gly

Val

Asp

350

Ser

Xaa

Tyr

Ser

Val
430
Ser

Arg

Phe

Phe

Pro

Gln

95

Ser

Arg

Phe

Tyr

Val

175

Ser

Asp

Pro

Lys

Ile

255

Lys

Asp

Lys

Gly

Glu

335

Ala

Val

Gly

Asp

Leu

415

Asn

Val

Val

Asn

Thr

Lys

80

Asn

Phe

Leu

Arg

Ser

160

Tyr

His

Ile

Asp

Tyr

240

Leu

Lys

Lys

Leu

Ser

320

Ile

Ser

Lys

Leu

Asn

400

Asn

Pro

Val

Tyr

Arg



US 9,464,304 B2
155 156

-continued

465 470 475 480

Gly Thr Ser Asn Val Glu Ile Thr Gly Leu Thr Ala Trp Ser Met Lys
485 490 495

Lys Ala Asn Ile Ala
500

<210> SEQ ID NO 27

<211> LENGTH: 518

<212> TYPE: PRT

<213> ORGANISM: Bifidobacterium breve

<400> SEQUENCE: 27

Met Thr Asp Phe Thr Pro Glu Thr Pro Val Leu Thr Pro Ile Arg Asp
1 5 10 15

His Ala Ala Glu Leu Ala Lys Ala Glu Ala Gly Val Ala Glu Met Ala
20 25 30

Ala Lys Arg Asn Asn Arg Trp Tyr Pro Lys Tyr His Ile Ala Ser Asn
35 40 45

Gly Gly Trp Ile Asn Asp Pro Asn Gly Leu Cys Phe Tyr Lys Gly Arg
50 55 60

Trp His Val Phe Tyr Gln Leu His Pro Tyr Gly Thr Gln Trp Gly Pro
65 70 75 80

Met His Trp Gly His Val Ser Ser Thr Asp Met Leu Asn Trp Lys Arg
85 90 95

Glu Pro Ile Met Phe Ala Pro Ser Leu Glu Gln Glu Lys Asp Gly Val
100 105 110

Phe Ser Gly Ser Ala Val Ile Asp Asp Asn Gly Asp Leu Arg Phe Tyr
115 120 125

Tyr Thr Gly His Arg Trp Ala Asn Gly His Asp Asn Thr Gly Gly Asp
130 135 140

Trp Gln Val Gln Met Thr Ala Leu Pro Asp Asn Asp Glu Leu Thr Ser
145 150 155 160

Ala Thr Lys Gln Gly Met Ile Ile Asp Cys Pro Thr Asp Lys Val Asp
165 170 175

His His Tyr Arg Asp Pro Lys Val Trp Lys Thr Gly Asp Thr Trp Tyr
180 185 190

Met Thr Phe Gly Val Ser Ser Glu Asp Lys Arg Gly Gln Met Trp Leu
195 200 205

Phe Ser Ser Lys Asp Met Val Arg Trp Glu Tyr Glu Arg Val Leu Phe
210 215 220

Gln His Pro Asp Pro Asp Val Phe Met Leu Glu Cys Pro Asp Phe Phe
225 230 235 240

Pro Ile Lys Asp Lys Asp Gly Asn Glu Lys Trp Val Ile Gly Phe Ser
245 250 255

Ala Met Gly Ser Lys Pro Ser Gly Phe Met Asn Arg Asn Val Asn Asn
260 265 270

Ala Gly Tyr Met Ile Gly Thr Trp Glu Pro Gly Gly Glu Phe Lys Pro
275 280 285

Glu Thr Glu Phe Arg Leu Trp Asp Cys Gly His Asn Tyr Tyr Ala Pro
290 295 300

Gln Ser Phe Asn Val Asp Gly Arg Gln Ile Val Tyr Gly Trp Met Ser
305 310 315 320

Pro Phe Val Gln Pro Ile Pro Met Glu Asp Asp Gly Trp Cys Gly Gln
325 330 335
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158

Leu

Thr

Asp

385

Thr

Tyr

Arg

Thr

Asp

465

Ser

Ala

Lys

<210>
<211>
<212>
<213>

<400>

Thr

Ala

Gly

370

Ala

Ala

Thr

Gln

Asp

450

Arg

Ser

Glu

Ser

Leu

Pro

355

Ser

Glu

Asp

Tyr

Ala

435

Ala

Gly

Tyr

Phe

Ile
515

Pro

340

Val

Ile

Ala

Arg

Val

420

Met

Glu

Ser

Ser

Gly

500

Gly

PRT

SEQUENCE :

Met Leu Leu Gln

1

Ile

Phe

Asp

Asp

65

Asp

Asn

Thr

Ala

Tyr
145

Tyr

Ser

Thr

Glu

50

Thr

Leu

Asp

Ser

Ile

130

Ser

Leu

Glu

Ala

Pro

35

Lys

Val

Thr

Ser

Gly

115

Trp

Leu

Ala

Pro

Ser

20

Asn

Asp

Trp

Asn

Gly

100

Phe

Thr

Asp

Ala

Ser
180

Arg Glu

Ala Glu

Thr Leu

Val Glu
390

Ala Gly
405

Ala Tyr

Ala Asn

Leu Ala

Val Glu

470

Tyr Ala
485

Asn Leu

Leu Glu

SEQ ID NO 28
LENGTH:
TYPE :
ORGANISM: Saccharomyces cerevisiae

532

28

Ala Phe

Met Thr

Lys Gly

Ala Lys

Gly Thr

70

Trp Glu

Ala Phe

Phe Asn

Tyr Asn

Gly Gly
150

Asn Ser
165

Gln Lys

Ile

Met

Asp

375

Ile

Leu

Asp

Gly

Ser

455

Val

Ser

Lys

Leu

Asn

Trp

Trp

55

Pro

Asp

Ser

Asp

Thr
135
Tyr

Thr

Trp

Thr

Glu

360

Met

Glu

Lys

Asp

Asp

440

Gly

Tyr

Glu

Val

Phe

Glu

Met

40

His

Leu

Gln

Gly

Thr

120

Pro

Thr

Gln

Ile

Leu

345

Gly

Asp

Met

Ile

Gln

425

His

Lys

Val

Gly

Glu
505

Leu

Thr

25

Asn

Leu

Phe

Pro

Ser

105

Ile

Glu

Phe

Phe

Met
185

Asp

Leu

Gly

Thr

His

410

Ile

Gly

Leu

Asn

Pro

490

Ser

Leu

10

Ser

Asp

Tyr

Trp

Ile

Met

Asp

Ser

Thr

Arg
170

Thr

Asp

Arg

Glu

Ile

395

Ala

Gly

Tyr

Asp

Gly

475

Arg

Leu

Ala

Asp

Pro

Phe

Gly

75

Ala

Val

Pro

Glu

Glu
155

Asp

Ala

Asp Gly Asp

Glu

Gln

380

Asp

Thr

Arg

Arg

Leu

460

Gly

Ala

Lys

Gly

Arg

Asn

Gln

60

His

Ile

Val

Arg

Glu
140
Tyr

Pro

Ala

Asp

365

Val

Leu

Glu

Val

Ala

445

Arg

His

Ile

Leu

Phe

Pro

Gly

45

Tyr

Ala

Ala

Asp

Gln

125

Gln

Gln

Lys

Lys

350

Thr

Ile

Ala

Asp

Val

430

Ala

Val

Gln

Lys

His
510

Ala

Leu

30

Leu

Asn

Thr

Pro

Tyr

110

Arg

Tyr

Lys

Val

Ser
190

Val

Leu

Ala

Ala

Gly

415

Val

Pro

Phe

Val

Leu

495

His

Ala

15

Val

Trp

Pro

Ser

Lys

95

Asn

Cys

Ile

Asn

Phe
175

Gln

Val

Asp

Asp

Ser

400

Ala

Asp

Leu

Val

Leu

480

Val

Met

Lys

His

Tyr

Asn

Asp

80

Arg

Asn

Val

Ser

Pro
160

Trp

Asp
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159 160

-continued

Tyr Lys Ile Glu Ile Tyr Ser Ser Asp Asp Leu Lys Ser Trp Lys Leu
195 200 205

Glu Ser Ala Phe Ala Asn Glu Gly Phe Leu Gly Tyr Gln Tyr Glu Cys
210 215 220

Pro Gly Leu Ile Glu Val Pro Thr Glu Gln Asp Pro Ser Lys Ser Tyr
225 230 235 240

Trp Val Met Phe Ile Ser Ile Asn Pro Gly Ala Pro Ala Gly Gly Ser
245 250 255

Phe Asn Gln Tyr Phe Val Gly Ser Phe Asn Gly Thr His Phe Glu Ala
260 265 270

Phe Asp Asn Gln Ser Arg Val Val Asp Phe Gly Lys Asp Tyr Tyr Ala
275 280 285

Leu Gln Thr Phe Phe Asn Thr Asp Pro Thr Tyr Gly Ser Ala Leu Gly
290 295 300

Ile Ala Trp Ala Ser Asn Trp Glu Tyr Ser Ala Phe Val Pro Thr Asn
305 310 315 320

Pro Trp Arg Ser Ser Met Ser Leu Val Arg Lys Phe Ser Leu Asn Thr
325 330 335

Glu Tyr Gln Ala Asn Pro Glu Thr Glu Leu Ile Asn Leu Lys Ala Glu
340 345 350

Pro Ile Leu Asn Ile Ser Asn Ala Gly Pro Trp Ser Arg Phe Ala Thr
355 360 365

Asn Thr Thr Leu Thr Lys Ala Asn Ser Tyr Asn Val Asp Leu Ser Asn
370 375 380

Ser Thr Gly Thr Leu Glu Phe Glu Leu Val Tyr Ala Val Asn Thr Thr
385 390 395 400

Gln Thr Ile Ser Lys Ser Val Phe Ala Asp Leu Ser Leu Trp Phe Lys
405 410 415

Gly Leu Glu Asp Pro Glu Glu Tyr Leu Arg Met Gly Phe Glu Val Ser
420 425 430

Ala Ser Ser Phe Phe Leu Asp Arg Gly Asn Ser Lys Val Lys Phe Val
435 440 445

Lys Glu Asn Pro Tyr Phe Thr Asn Arg Met Ser Val Asn Asn Gln Pro
450 455 460

Phe Lys Ser Glu Asn Asp Leu Ser Tyr Tyr Lys Val Tyr Gly Leu Leu
465 470 475 480

Asp Gln Asn Ile Leu Glu Leu Tyr Phe Asn Asp Gly Asp Val Val Ser
485 490 495

Thr Asn Thr Tyr Phe Met Thr Thr Gly Asn Ala Leu Gly Ser Val Asn
500 505 510

Met Thr Thr Gly Val Asp Asn Leu Phe Tyr Ile Asp Lys Phe Gln Val
515 520 525

Arg Glu Val Lys
530

<210> SEQ ID NO 29

<211> LENGTH: 512

<212> TYPE: PRT

<213> ORGANISM: Zymomonas mobilis

<400> SEQUENCE: 29

Met Glu Ser Pro Ser Tyr Lys Asn Leu Ile Lys Ala Glu Asp Ala Gln
1 5 10 15

Lys Lys Ala Gly Lys Arg Leu Leu Ser Ser Glu Trp Tyr Pro Gly Phe
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161

-continued

162

Phe

Pro

65

Asp

Leu

Asp

His

145

Phe

Gly

Ala

225

Arg

Gln

Phe

Ile

305

Gly

Asn

Ser

Phe

Glu
385
Lys

Ile

Cys

Val

Phe

50

Val

His

Arg

Thr

Ala

130

Phe

Ala

Met

His

Lys

210

Phe

Leu

Asn

Phe

Tyr

290

Ala

Trp

Lys

Glu

Thr

370

Lys

Gly

Leu

Pro

Thr

35

Lys

Trp

Trp

Asp

Leu

115

Ile

Gln

His

Val

Val

195

Thr

Met

Met

Leu

Thr

275

Ala

Trp

Ala

Ile

Lys

355

Met

Ser

Gln

Asp

Leu
435

20

Pro

Gly

Gly

Glu

Gly

100

Ile

Arg

Lys

Phe

Val

180

Ala

Leu

Trp

Phe

Phe

260

Pro

Ala

Phe

Gly

Val

340

Ile

Asp

Ser

Glu

Arg
420

Pro

Leu

Glu

Pro

Thr

85

Cys

Tyr

Glu

Glu

Arg

165

Gly

Leu

Leu

Glu

Ser

245

Gln

Glu

Gln

Asp

Cys

325

Met

Glu

Ser

Ala

Thr
405

Asn

Asn

Thr

Tyr

Met

70

Leu

Phe

Thr

Val

Gly

150

Asp

Tyr

Tyr

Gly

Cys

230

Pro

Asn

Thr

Arg

Met

310

Met

Thr

Ser

Pro

Tyr
390
Leu

Arg

Thr

25 30

Gly Trp Met Asn Asp Pro Asn Gly Leu
40 45

His Leu Phe Tyr Gln Tyr Tyr Pro Phe
55 60

His Trp Gly His Ala Lys Ser Arg Asp
75

Pro Val Ala Leu Ala Pro Gly Asp Leu
90 95

Ser Gly Cys Ala Val Asp Asn Asn Gly
105 110

Gly His Ile Val Leu Ser Asn Asp Ser
120 125

Gln Cys Met Ala Thr Ser Ile Asp Gly
135 140

Ile Val Leu Glu Lys Ala Pro Met Pro
155

Pro Arg Val Trp Lys Glu Asn Asp His
170 175

Arg Thr Asp Asp Glu Lys His Gln Gly
185 190

Arg Ser Glu Asn Leu Lys Asp Trp Ile
200 205

Asp Asn Ser Gln Leu Pro Leu Gly Lys
215 220

Pro Asp Phe Phe Ser Leu Gly Asn Arg
235

Gln Gly Leu Lys Ala Ser Gly Tyr Lys
250 255

Gly Tyr Ile Leu Gly Lys Trp Gln Ala
265 270

Ser Phe Gln Glu Leu Asp Tyr Gly His
280 285

Phe Glu Ala Lys Asp Gly Arg Gln Ile
295 300

Trp Glu Asn Gln Lys Pro Ser Gln Arg
315

Thr Leu Pro Arg Lys Leu Asp Leu Ile
330 335

Pro Val Arg Glu Met Glu Ile Leu Arg
345 350

Val Val Thr Leu Ser Asp Ala Glu His
360 365

Leu Gln Glu Ile Glu Leu Ile Phe Asp
375 380

Gln Ala Gly Leu Ala Leu Arg Cys Asn
395

Leu Tyr Ile Asp Arg Ser Gln Asn Arg
410 415

Ser Gly Gln Asn Val Lys Gly Ile Arg
425 430

Ser Lys Val Arg Leu His Ile Phe Leu
440 445

Ile

Ala

Leu

80

Phe

Val

Pro

Ile

Gln

160

Trp

Ile

Phe

Arg

Ser

240

Asn

Pro

Asp

Leu

Asp

320

Asp

Gln

Pro

Leu

Gly
400
Ile

Ser

Asp
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Arg Ser Ser
450

Tyr Ser Ile
465

Arg Leu Phe

Trp Thr Leu

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ile Glu Ile Phe Val

455

Ser Ser Arg Ile Phe
470

Ala Ile Glu Gly Tyr

485

Gln Asp Ala Asn Leu

500

D NO 30
H: 987
DNA

Gly Asp Asp
Pro Asp Lys
475

Ala Val Phe
490

Ala Ala Phe
505

<213> ORGANISM: Chlorella luteoviridis

<400> SEQUENCE: 30

tgttgaagaa

ctaagcgaaa

tggacccgaa

aggtccgaac

gcagttttge

aaggcgttag

tgcaccttta

ttgcttttge

taaagcaaca

ctaatgtgcet

tctaatcttyg

gccaatcgaa

gattagtacg

tcgtggcaaa

agctccatag

aagtggcaaa

ctttaaagag

<210> SEQ I

<211> LENGT.
<212> TYPE:

tgagceggeyg
gcaagttgta
ccegggtgat
tettegatet
cccgcaaaag
ctatggtaat
gtgcaaacag
aagaacgtca
taaaaatata
aatgtgctaa
cctgaaaggyg
ctcggageta
gtgtaggggt
ctaagaatac
tcaagaggga
ggaggtgaaa
tgcgtaatag
D NO 31

H: 1412
DNA

acttatagga

acaatagcga

ctaaccatga

ttaaaaatcg

ggtaaccttt

accgtgggaa

tgtaaagaaa

gcactcacca

ttttataget

tcaaatgaaa

caagctgcac

getggttete

aaagcactgt

tacgcttgta

aacagcccag

gtgcagaaac

ctcactyg

agtggcttgg
tatacctctt
ccaggatgaa
tgagatgagt
tgtaattact
gtttcaatac
gegttttgaa
atacacttte
ttaatcataa
agtgttctta
attttteetet
cccgaaatgt
ttcggtgegg
taccatggat

atcaccagtt

aaccaggagg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUE:

gaattcgagt

gggcaagacg

gecegeagea

ccacggtece

ttcagatctg

cctgeccaac

ggatatcteg

NCE: 31

ttaggtccag

atgcagtcce

ctcacacgca

tctcatcagyg

tccatccaga

cgaaaacatt

tgaggaacat

CgtCCgtggg

tctggggagt

aaatgcctygg

ctcaccttge

daggggagca

attgtttgag

cactgggaca

dggggacggy

cacagccgac

ccgacaggea

tcattgacat

ggctceccac

9999999999

ctgtggaaca

Gln Thr Gln
460

Asp Ser Leu

Asp Ser Phe

Ser Ser Asp
510

ttaaggatac
tgtaggtcag
gettgggtaa
tatggttagg
gactcataac
cttettgeat
accccttaac
cgttttttte
aactatgtta
aaagtgagtt
gaatgtgcaa
gttgaggcge
getgtgaaaa
cagtgagact
aaggccccaa

tttgcccaga

ctgggagett
tgtgtgtgtt
ggcectgtee
aacggaatgce
cgacgetgte
ggggggcaga

cagtgagtge

Gly Leu

Lys Gly

480

Lys Arg

495

Ala Cys
ttteccgaage 60
tcacttctta 120
caccaagtga 180
ggtaaatctg 240
ggtgaagcct 300
attttttatt 360
gactaatttt 420
ttttattaat 480
gcacttcgtg 540
gaaggtagag 600
caatggaaat 660
agcgattcat 720
cggtaccaaa 780
atgggggata 840
aatgacagct 900
agcagccatc 960
987

Synthetic

gggccgggaa 60
gcactgtgcg 120
agtgcaacat 180
gtaccgctcet 240
aaacttgcett 300
ttgcatggcy 360
agtatgcaga 420
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gcatgtatge taggggtcag cgcaggaagg gggcctttce cagtctccca tgccactgeca 480
cegtatccac gactcaccag gaccagctte ttgatcgget tccgetcceg tggacaccag 540
tgtgtagcct ctggactcca ggtatgegtg caccgcaaag gccagccgat cgtgecgatt 600
cctggggtgg aggatatgag tcagccaact tggggctcag agtgcacact ggggcacgat 660
acgaaacaac atctacaccg tgtcctccat gctgacacac cacagcttcg ctccacctga 720
atgtgggcgce atgggcccga atcacagcca atgtcegetge tgccataatg tgatccagac 780
cctetecgec cagatgccga gecggatcegtg ggegctgaat agattcectgt ttcegatcact 840
gtttgggtce tttectttte gtcteggatg cgegtctega aacaggctgce gtcgggettt 900
cggatccctt ttgctcccte cgtcaccate ctgecgegegg gcaagttget tgaccctggg 960

ctggtaccag ggttggaggg tattaccgcg tcaggccatt cccagecccgg attcaattca 1020

aagtctgggce caccacccte cgccgcetcetg tcectgatcact ccacattcecgt gcatacacta 1080

cgttcaagtc ctgatccagg cgtgtctcgg gacaaggtgt gecttgagttt gaatctcaag 1140

gacccactece agcacagctg ctggttgacce ccgcecctcege aactccectac catgtctget 1200

ggtaggtcca gggatctttg ccatgcacac aggaccccgt ttgtgggggt cccecggtgca 1260

tgctgteget gtgcaggege cggtgtgggg cctgggecce gegggagctce aactcctcecce 1320

catatgecctyg cegteectee cacccacege gacctggece cetttgcaga ggaaggcegaa 1380

gtcagcgeca tcgtgtgcga taatggatcc gg 1412

<210> SEQ ID NO 32

<211> LENGTH: 1627

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 32

gaattcgeee ttgagtttag gtccagegte cgtggggggyg gegtgagact cecccectgac 60

cttegtatgg cagggactcce tacttgecaa gtaatcagtt gacaatgceca cttcaatget 120

cgttgtggta cactgacgcg ggtctaacat actgggaage atgaattgec gacatggact 180

cagttggaga cagtaacagc tctttgtgtt ctatcttcag gaacacattt ggcagcgcac 240

ccatacagtg gcgcacacgce agctgtacct gatgtggcete tattcccaca tgtttcaact 300

tgatccaaaa gtcactcaga ctctcagcag ctagacttga tcegcatcttt ggccatgaag 360

atgcttgcege aactctagga atgggacgag aaaagagcct gctctgatceg gatatttcca 420

ttectetggat gggactgaga tgattctgaa gaaatgctge tcegacttatt tggaagaaca 480

gcacctgacyg catgctttga ggctgetgtg getgggatgt getgtatttg tcagcattga 540

gcatctacgyg gtagatggee ataaccacgce getgectate atgeggtggg ttgtgtggaa 600

aacgtacaat ggacagaaat caatcccatt gegagcctag cgtgcagceca tgcgcetccct 660

ctgtagcccee gctccaagac aaagccagec aatgccagaa cccacataga gagggtatct 720

tcctaatgac ctcegeccatce atttcecteca aattaactat aatgecttga ttgtggagtt 780

ggetttgget tgcagetget cgegetggca cttttgtagg cagcacaggg tatgccageg 840

ccgaactttyg tgcecttgag caggccacaa gggcacaaga ctacaccatyg cagctggtat 900

acttggaact gataccattc ttaccaagca aggcacagca cagcctgcac cgactcactt 960

tgcttgagcg gggcacagceg ccgcgactga tcectgcgage tgtggggagt tecgactgtt 1020
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ctggacctcg gtctctgaaa gatgtgtacg atgggatcaa gtcattcaag tatgctctte 1080
acatgagcaa tcgggggaga cacggtggcce ctaaaggtgt tcatctgatt caagtgtagt 1140
gggggggtyge tgtttgtcce ggggegecce cegctecceg accccggaga agggecccag 1200
aggactcggce cgcccacaga ggaataaccg ggegtggcetce ggccctgcge ctecectettt 1260
caatatttca cctggtgttc agtgcacgga cacgtaaaga actagataca atggccgagg 1320
gaaagacggt gagagcttgg cgttggtgga ccgggcagca tcagaaactc ctcecttceecg 1380
ccegecttga aactcactgt aactccectcee tcetteccect cgcagcatet gtectategtt 1440
atcgtgagtg aaagggactg ccatgtgtcg ggtcgttgac cacggtcggce tegggcegetg 1500
ctgcecegegt cgcgaacgtt cecctgcaaac gccgcgcagce cgtceecctttt tetgecgecg 1560
ccecacccce tegctceccecee cttcaatcac accgcagtge ggacatgteg attccggcaa 1620
gtccacc 1627
<210> SEQ ID NO 33
<211> LENGTH: 570
<212> TYPE: DNA
<213> ORGANISM: Chlorella protothecoides
<400> SEQUENCE: 33
gaattccctyg caggaagaag gccggcagca getggtactt gtecttcacce tecttgateg 60
getgggtgayg cttggccggg tcegcagtegt cgatgecgge atcgceccage acgetgtgeg 120
gggagcegge atcgacaacce ttggcactge tcaccttggt caccggcatg gggtcatgge 180
gectgcagace ageggectgt cagcatgetg caggcatctg tgttttgtag tagatacttt 240
ctgatgcate accacacgtt tggaaggtcc ccaagccect tcaacagtct cgacatatga 300
cactegegee ctettecteg tecegtggee tgatgagggt acgcaggtac cgcagetgeg 360
cceegteceg ccagttgece tggcceegee gggeccaate tgttcattge cgctecctgg 420
cagcegtgaa cttcacacta ccgctcetetg tgaccttecag cacagcagga atcgecattt 480
caccggeggt cgttgetgceg gagcectcage tgatctegece tgcgagacce cacagtttga 540
atttgcggtc cccacacaac ctctgacgcce 570
<210> SEQ ID NO 34
<211> LENGTH: 568
<212> TYPE: DNA
<213> ORGANISM: Chlorella protothecoides
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (133)..(133)
<223> OTHER INFORMATION: a, ¢, t, g, unknown or other
<400> SEQUENCE: 34
gaattcccte aggaagaagg ccggcagcag ctggtacttg tecttcacct cettgategg 60
ctgggtgage ttcgcaggat cgcagtegte gatgecggea tegeccagea cgctgtgegg 120
ggagccggea tcnacaacct tggcactget ccccttggte accggcatgg ggtcatggeg 180
ctgcagccca gceggectgte agcatgetge aggcatctgt gtattgtagt aggtacttcee 240
tgatgcatca acacacgttt ggaagctccce caagcccctt caacagtcte gacgtatgac 300
actcgegece tcettectege ccegtggect gatgagggta cgcaggtace acagetgege 360
ccegtecege cagttgecct ggcccggecg ggeccaatet gttecattgece getecctggt 420
agccgtgaac tcacattacc getctetgtg accttcagea cagcaggaat cgccatttca 480
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ceggeggteg ttgectgegga gectcagetyg atctegectg cgagacceca cagtttgaat 540

ttgeggtece cacacaacct ctgacgece

<210> SEQ ID NO 35

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 35

tgacctaggt gattaattaa ctecgaggcag cagcagetceg gatagtatceg

<210> SEQ ID NO 36

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 36

ctacgagcete aagcettteca tttgtgttee catcecacta cttece

<210> SEQ ID NO 37

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 37

gatcagaatt ccgcctgcaa cgcaagggca gc

<210> SEQ ID NO 38

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 38

gcatactagt ggcgggacgg agagagggcg

<210> SEQ ID NO 39

<211> LENGTH: 1568

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 39

568

Synthetic

50

Synthetic

45

Synthetic

32

Synthetic

30

Synthetic

gaattccttt cttgegetat gacacttcca gcaaaaggta gggcegggetyg cgagacgget 60

tcceggeget geatgecaaca ccgatgatge ttegacccee cgaagetect teggggetge 120

atgggcgete cgatgecget ccagggegag cgetgtttaa atagecagge ccccgattge 180

aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 240

cacaggccac tcgagettgt gatcgeacte cgetaagggg gegectcette ctettegttt 300

cagtcacaac ccgcaaacgg cgcgccatat caatgattga acaagatgga ttgcacgcag 360
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gttctcegge cgcttgggtyg gagaggctat tcggctatga ctgggcacaa cagacaatcg 420
gctgctetga tgcegecegtyg tteeggetgt cagegcaggg gegeceggtt ctttttgtca 480
agaccgacct gtccggtgee ctgaatgaac tgcaggacga ggcagcgcgg ctatcgtgge 540
tggccacgac gggcgttcect tgecgcagetg tgctcgacgt tgtcactgaa gcgggaaggg 600
actggectget attgggcgaa gtgccgggge aggatctcect gtcatctcac cttgetectg 660
ccgagaaagt atccatcatg gctgatgcaa tgcggcgget gcatacgcett gatccggceta 720
cctgeccatt cgaccaccaa gcgaaacatc gcatcgageg agcacgtact cggatggaag 780
ceggtettgt cgatcaggat gatctggacg aagagcatca ggggctegeg ccagccgaac 840
tgttegeccag gctcaaggeg cgcatgcceg acggcgagga tctegtegtyg acccatggeg 900
atgcctgett geccgaatatce atggtggaaa atggccgett ttctggattc atcgactgtg 960

gcecggcetggyg tgtggcggac cgctatcagg acatagegtt ggctaccegt gatattgetg 1020

aagagcttgg cggcgaatgg gctgaccgct tcectegtget ttacggtatce gecgetececg 1080

attcgcagecg catcgectte tatcgectte ttgacgagtt cttctaagat ctgtcgatcg 1140

acaagtgact cgaggcagca gcagctcgga tagtatcgac acactctgga cgctggtegt 1200

gtgatggact gttgccgcca cacttgctge cttgacctgt gaatatccecct gccgetttta 1260

tcaaacagcce tcagtgtgtt tgatcttgtg tgtacgceget tttgcgagtt gctagctget 1320

tgtgctattt gcgaatacca cccccagcat ccectteect cgtttcatat cgecttgcatce 1380

ccaaccgcaa cttatctacg ctgtcctgct atcecctcage getgctcectg ctectgetca 1440

ctgccecteg cacagcecttg gtttgggcte cgectgtatt ctcecctggtac tgcaacctgt 1500

aaaccagcac tgcaatgetg atgcacggga agtagtggga tgggaacaca aatggaaagce 1560

ttgagctce 1568

<210> SEQ ID NO 40

<211> LENGTH: 2571

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (997)..(999)

<223> OTHER INFORMATION: a, ¢, t, g, unknown or other

<400> SEQUENCE: 40

gaattcegee tgcaacgcaa gggcagccac agccgctcce acccgecget gaaccgacac 60

gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120

gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180

gecgggcaat gegcatggtg gcaagaggge ggcagcactt getggacgtyg cegeggtgec 240

tccaggtggt tcaategegg cagecagagg gatttcagat gategegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgece agaatgateg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgecac agcacgggca ccggggagtg 420
gaatggcacce accaagtgtg tgcgagccag catcgccgece tggetgttte agetacaacyg 480
gcaggagtca tccaactaac catagctgat caacactgca atcatcggeyg getgatgeaa 540
gecatcctgeca agacacatge tgtgcgatge tgegetgetg cctgetgege acgecgttga 600

gttggcagca gctcagccat gcactggatce aggctggget gecactgcaa tgtggtggat 660
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aggatgcaag tggagcgaat accaaaccct ctggctgcett getgggttge atggecatcge 720
accatcagca ggagcgcatg cgaagggact ggccccatge acgccatgcc aaaccggagc 780
gcaccgagtg tccacactgt caccaggccc gcaagctttg cagaaccatg ctcatggacg 840
catgtagcgce tgacgtccct tgacggeget cctcectegggt gtgggaaacyg caatgcagca 900

caggcagcag aggcggegge agcagagegg cggcageage ggegggggece acccttettg 960

cggggtegeg ccccagccag cggtgatgcg ctgatcnnne caaacgagtt cacattcatt 1020

tgcagcectgg agaagcgagg ctggggectt tgggctggtg cagcccgcaa tggaatgegg 1080

gaccgccagg ctagcagcaa aggcgcctcece cctactceccge atcgatgttce catagtgcat 1140

tggactgcat ttgggtgggg cggccggctg tttetttegt gttgcaaaac gegccacgtce 1200

agcaacctgt cccgtgggte cccecgtgceccg atgaaatcegt gtgcacgcceg atcagctgat 1260

tgcceggete gegaagtagg cgccctettt ctgectegece tetctecgte cegecactag 1320

tggcgcgeca tatcaatgat tgaacaagat ggattgcacg caggttctecce ggccgcettgg 1380

gtggagaggc tattcggcta tgactgggca caacagacaa tcggctgetce tgatgccgece 1440

gtgttcecgge tgtcagecgca ggggcgceccg gttcetttttyg tcaagaccga cctgtceceggt 1500

gecctgaatyg aactgcagga cgaggcageg cggctategt ggetggecac gacgggegtt 1560

ccttgecgecag ctgtgctega cgttgtcact gaagcgggaa gggactgget getattgggce 1620

gaagtgcegg ggcaggatct cctgtcatct caccttgcte ctgccgagaa agtatccatce 1680

atggctgatg caatgcggceg gctgcatacg cttgatcegg ctacctgcce attcgaccac 1740

caagcgaaac atcgcatcga gcgagcacgt actcggatgg aagccggtet tgtcgatcag 1800

gatgatctgg acgaagagca tcaggggctce gegccageeg aactgttege caggetcaag 1860

gcgegcatge ccgacggcga ggatctegte gtgacccatg gcecgatgectg cttgccgaat 1920

atcatggtgg aaaatggccg cttttcectgga ttcatcgact gtggccgget gggtgtggeg 1980

gaccgctatce aggacatagc gttggctacc cgtgatattg ctgaagagct tggcggcgaa 2040

tgggctgacce gettectegt getttacggt atcgccgete ccgattcecgca gegcatcgece 2100

ttctategee ttcecttgacga gttcecttectaa gatctgtega tcgacaagtg actcgaggca 2160

gcagcagcte ggatagtatc gacacactct ggacgctggt cgtgtgatgg actgttgecyg 2220

ccacacttgce tgccttgacc tgtgaatatc cctgccgett ttatcaaaca gectcagtgt 2280

gtttgatctt gtgtgtacgc gcttttgcga gttgctaget gettgtgecta tttgcgaata 2340

ccacccececag catceccectte cctegtttca tatcgcecttge atcccaaccg caacttatcet 2400

acgctgtect getatcecte agegetgcete ctgcectectge tcactgceccece tegcacagcece 2460

ttggtttggg ctccecgectgt attctectgg tactgcaacce tgtaaaccag cactgcaatg 2520

ctgatgcacyg ggaagtagtg ggatgggaac acaaatggaa agcttgaget ¢

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 41
LENGTH: 2550

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
polynucleotide

FEATURE:

NAME/KEY: modified base

LOCATION: (997)..(999)

OTHER INFORMATION: a, ¢, t, g, unknown or other

SEQUENCE: 41

2571

Synthetic
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gaattcegee tgcaacgcaa gggcagccac agccgctcce acccgecget gaaccgacac 60
gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120
gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180
geegggcaat gegecatggtyg gcaagagggce ggcagcactt getggacgtg cegeggtgec 240
tccaggtggt tcaatcgegg cagccagagg gatttcagat gatcgcegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgec agaatgatceg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgccac agcacgggca ccggggagtg 420
gaatggcacc accaagtgtg tgcgagccag catcgecgece tggetgtttce agetacaacy 480
gcaggagtca tccaactaac catagctgat caacactgca atcatcggeg getgatgcaa 540
gcatcctgea agacacatge tgtgegatge tgcgetgetg cetgetgege acgecgttga 600
gttggcagca gctcagccat gcactggatc aggctggget gecactgcaa tgtggtggat 660
aggatgcaag tggagcgaat accaaaccct ctggetgett getgggttge atggecatcge 720
accatcagca ggagcgcatg cgaagggact ggecccatge acgcecatgec aaaccggage 780
gcaccgagtyg tccacactgt caccaggccce gcaagetttg cagaaccatg ctcatggacy 840
catgtagcge tgacgtccct tgacggeget cetetegggt gtgggaaacyg caatgcagca 900
caggcagcag aggcggcegge agcagagegg cggcagcage ggcegggggece acccttettg 960
cggggtegeg ccccagccag cggtgatgcg ctgatcnnne caaacgagtt cacattcatt 1020
tgcagcectgg agaagcgagg ctggggectt tgggctggtg cagcccgcaa tggaatgegg 1080
gaccgccagg ctagcagcaa aggcgcctcece cctactceccge atcgatgttce catagtgcat 1140
tggactgcat ttgggtgggg cggccggctg tttetttegt gttgcaaaac gegccacgtce 1200
agcaacctgt cccgtgggte cccecgtgceccg atgaaatcegt gtgcacgcceg atcagctgat 1260
tgcceggete gegaagtagg cgccctettt ctgectegece tetctecgte cegecactag 1320
tggcgegeca tatcaatgat cgagcaggac ggectccacyg ceggctcccee cgecgectgg 1380
gtggagcegee tgtteggcta cgactgggcece cagcagacca teggcetgetce cgacgccgec 1440
gtgttcecgee tgteccgecca gggecgecce gtgctgtteg tgaagaccga cctgtecegge 1500
geectgaacy agcetgcagga cgaggcecgece cgectgtect ggetggecac caccggegtyg 1560
cectgegeeg cegtgetgga cgtggtgacce gaggecggece gegactgget getgetggge 1620
gaggtgcceeyg gecaggacct getgtectee cacctggece cegcecgagaa ggtgtccatce 1680
atggccgacg ccatgegecg cctgcacacce ctggacceeg ccacctgece cttegaccac 1740
caggccaagce accgcatcga gecgcegeccge acccgcatgg aggecggect ggtggaccag 1800
gacgacctygyg acgaggagca ccagggectg gecccegeceg agetgttege cegectgaag 1860
geeegeatge ccgacggcga ggacctggtg gtgacccacyg gegacgectg cctgeccaac 1920
atcatggtgg agaacggccg cttcteecgge ttcatcgact geggccgcect gggegtggece 1980
gaccgctace aggacatcge cctggecace cgcgacatceg cegaggaget gggeggcgag 2040
tgggccgace gecttectggt getgtacgge atcgccgecce ccgactceccca gegcatcgece 2100
ttctaccgee tgctggacga gttcecttetga ctecgaggcag cagcagctceg gatagtatcg 2160
acacactctg gacgctggte gtgtgatgga ctgttgccege cacacttget gecttgacct 2220
gtgaatatcc ctgccgettt tatcaaacag cctcagtgtg tttgatcttg tgtgtacgeg 2280
cttttgcgag ttgctagetg cttgtgctat ttgcgaatac cacccccage atccccttece 2340
ctcgtttcat atcgcttgca tcecccaaccgce aacttatcta cgctgtcecctg ctatccectca 2400
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gcgetgcetee tgctectget cactgccecct cgcacagcect tggtttggge tcecgectgta 2460
ttctectggt actgcaacct gtaaaccagce actgcaatge tgatgcacgg gaagtagtgg 2520
gatgggaaca caaatggaaa gcttgagctc 2550
<210> SEQ ID NO 42
<211> LENGTH: 1547
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
<400> SEQUENCE: 42
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggcetg cgagacgget 60
tceeggeget gcatgcaaca ccgatgatge ttegaccecee cgaagctect tceggggetge 120
atgggcgete cgatgecget ccagggegag cgetgtttaa atagccagge ccccgattge 180
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 240
cacaggccac tcgagettgt gatcgcacte cgectaagggyg gegectette ctettegttt 300
cagtcacaac ccgcaaacgg cgcgccatat caatgatcga gcaggacgge ctccacgecg 360
getecceege cgectgggtyg gagegectgt teggctacga ctgggeccag cagaccatceg 420
getgetecga cgecgecegtyg tteegectgt cecgeccaggg cegeccegtyg ctgttegtga 480
agaccgacct gtceggegece ctgaacgage tgcaggacga ggcecgeccege ctgtectgge 540
tggccaccac cggegtgece tgcgcecegecg tgetggacgt ggtgaccgag gcecggecgeg 600
actggetget getgggegag gtgcceggece aggacctget gtectcccac ctggeccccyg 660
ccgagaaggt gtccatcatg geccgacgeca tgegecgect gcacaccctyg gacccecgceca 720
cctgeccectt cgaccaccag gccaagcacce geatcgageg cgeccgcace cgcatggagg 780
ceggectggt ggaccaggac gacctggacg aggagcacca gggectggee cccgecgage 840
tgttegeceg cctgaaggcee cgcatgeceg acggcgagga ccetggtggtyg acccacggeg 900
acgcctgect gcccaacatce atggtggaga acggecgett cteeggette atcgactgeg 960
geegectggyg cgtggecgac cgctaccagg acatcgecct ggecaccege gacatcgecg 1020
aggagcetggg cggcgagtgg gecgacceget tectggtget gtacggcate gecgeccccyg 1080
actcccageg catcgectte taccgectge tggacgagtt cttcetgactce gaggcagcag 1140
cagctcggat agtatcgaca cactctggac gctggtegtg tgatggactg ttgccgccac 1200
acttgctgcece ttgacctgtg aatatccctg ccgcecttttat caaacagcct cagtgtgttt 1260
gatcttgtgt gtacgcgctt ttgcgagttg ctagctgctt gtgctatttg cgaataccac 1320
ccecagcecate cectteccecte gtttcatate gcttgcatcecce caaccgcaac ttatctacgce 1380
tgtcctgeta teccctcageg ctgctectge tectgctcecac tgccecctege acagecttgg 1440
tttgggctce gectgtatte tectggtact gcaacctgta aaccagcact gcaatgctga 1500
tgcacgggaa gtagtgggat gggaacacaa atggaaagct tgagctc 1547
<210> SEQ ID NO 43
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

primer
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<400> SEQUENCE: 43

gccgegactyg gectgetgetg g 21

<210> SEQ ID NO 44

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 44

aggtcctege cgtcegggcat g 21

<210> SEQ ID NO 45

<211> LENGTH: 1292

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 45

atcaaaggca tagattcaca tttgttggca ttgcagageca atcategege aggacgaaca 60
tcgetcacca agcacgtact gggcatcegg aggectecge aaattectge aacaggacte 120
getgatcagt tcgcccaagg tctacgacge tccctategg cgctagactt caacacatat 180
ttcactgtca cagcctegge atgcatcagg cctcagtcte caccatgaag accatccagt 240

cteggeacge cggteccate ggacatgtge agtegggteg cegateggeg gggegegegg 300

gatccegeat ggegacccee gtggecgcag ctaccgtege ageccctege teggecctea 360
acctctecce caccatcatt cgacaggagg tgctccacte cgecagegee cagcaactag 420
actgegtgge cteectggeg ceegtetteg agtcccagat cetececcte ctgacgecceg 480
tggacgagat gtggcagecce accgacttee tcccegecte gaacteggag gcattcetteg 540
accagatcgg cgacctgegg gegegategg cggecatcece cgacgaccetyg ctggtetgece 600
tggtggggga catgatcacg gaggaggece tgeccaccta catggecatg ctgaacaccce 660
tggacgtegt gcgcgatgag acagggcaca gccagcaccece ctacgecaag tggaccaggg 720
cttggatcege ggaggagaac cgccatggeg acctgctgaa caagtacatg tggcetgacgg 780

ggegggtggyg acatgctgge ggtggagege accatccage catgetggeyg gtggagegea 840
ccatccageg cctcatctea tegggeatgg acccgggeac ggagaaccac ccctaccacg 900
cctttgtgtt caccagette caggagegeg ccaccaaget gagecacgge tccaccgecce 960
gectggeggt cgecgeeggg gacgaggcece tggccaagat ctgegggace attgegeggg 1020
acgagtcgeg ccacgaggeg gegtacacge ggaccatgga tgccatctte cagegegacce 1080
ccagcggggce catggtggeg tttgcgcaca tgatgatgeg caagatcacc atgcccgecce 1140
acctcatgga cgacggecag cacggoegege gcaacggggg ggcgcaactt gttcegacgac 1200
tttgcggcag tggcggagceyg ggcaggggtg tacaccgcecg gcgactacat cggcatcctg 1260

cgccacctca teccggcegetyg ggacgtggag gg 1292

<210> SEQ ID NO 46

<211> LENGTH: 364

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
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polypeptide

<400> SEQUENCE:

Met

1

Ala

Ala

Pro

Leu

65

Pro

Met

Phe

Asp

Pro

145

Thr

Ala

Thr

Leu

Pro

225

Gln

Arg

Ile

Met

305

Ser

Pro

<210>
<211>
<212>
<213>
<220>

His

Gly

Gly

Arg

50

His

Val

Trp

Asp

Leu

130

Thr

Gly

Glu

Gly

Ala

210

Gly

Glu

Ala

Asp

Phe

290

Met

Gly

Gly

Ala

Gln

Pro

Ser

35

Ser

Ser

Phe

Gln

Gln

115

Leu

Tyr

His

Glu

Arg

195

Val

Thr

Arg

Ala

Glu

275

Gln

Arg

Ala

Gly

Pro
355

Ala

Ile

20

Arg

Ala

Ala

Glu

Pro

100

Ile

Val

Met

Ser

Asn

180

Val

Glu

Glu

Ala

Gly

260

Ser

Arg

Lys

Arg

Ala
340

Pro

46

Ser

Gly

Met

Leu

Ser

Ser

85

Thr

Gly

Cys

Ala

Gln

165

Arg

Gly

Arg

Asn

Thr

245

Asp

Arg

Asp

Ile

Asn
325

Gly

His

SEQ ID NO 47
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:

1395

Val

His

Ala

Asn

Ala

70

Gln

Asp

Asp

Leu

Met

150

His

His

His

Thr

His

230

Lys

Glu

His

Pro

Thr

310

Gly

Arg

Pro

Ser Thr Met Lys Thr Ile Gln Ser Arg
10 15

Val Gln Ser Gly Arg Arg Ser Ala Gly
25 30

Thr Pro Val Ala Ala Ala Thr Val Ala
40 45

Leu Ser Pro Thr Ile Ile Arg Gln Glu
55 60

Gln Gln Leu Asp Cys Val Ala Ser Leu
75

Ile Leu Pro Leu Leu Thr Pro Val Asp
90 95

Phe Leu Pro Ala Ser Asn Ser Glu Ala
105 110

Leu Arg Ala Arg Ser Ala Ala Ile Pro
120 125

Val Gly Asp Met Ile Thr Glu Glu Ala
135 140

Leu Asn Thr Leu Asp Val Val Arg Asp
155

Pro Tyr Ala Lys Trp Thr Arg Ala Trp
170 175

Gly Asp Leu Leu Asn Lys Tyr Met Trp
185 190

Ala Gly Gly Gly Ala His His Pro Ala
200 205

Ile Gln Arg Leu Ile Ser Ser Gly Met
215 220

Pro Tyr His Ala Phe Val Phe Thr Ser
235

Leu Ser His Gly Ser Thr Ala Arg Leu
250 255

Ala Leu Ala Lys Ile Cys Gly Thr Ile
265 270

Glu Ala Ala Tyr Thr Arg Thr Met Asp
280 285

Ser Gly Ala Met Val Ala Phe Ala His
295 300

Met Pro Ala His Leu Met Asp Asp Gly
315

Gly Ala Gln Leu Val Arg Arg Leu Cys
330 335

Gly Val His Arg Arg Arg Leu His Arg
345 350

Ala Leu Gly Arg Gly Gly
360

His

Arg

Ala

Val

Ala

80

Glu

Phe

Asp

Leu

Glu

160

Ile

Leu

Met

Asp

Phe

240

Ala

Ala

Ala

Met

Gln

320

Gly

His
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<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 47

attatacatc ggcatecgtet caggtttcac gatctgeatg ctatctatgg gactgtgact 60
cegecggeca ggttgtggtg cgecgagaate ctececgete ctgecttete atttecctga 120
cgggagtege cgctgageac cgggeggate atgggegteg gecacactceca aaccccatat 180
acatgtggte gtgcattcac gcatagegeca cggtatgtec cgegacgege ggctcgaage 240
cgtggecate cgacgegetg cacggecgag gtgagggeac gecectceege caatggegeg 300
cagcccatga ccgecttega cttecggeag tacatgeage agegegeege getggtggac 360
gecagegetgg acctggcagt gecgetgcag taccccgaga agatcaacga ggecatgegg 420
tacagcctge tggeeggggg caagegegtyg cgecccgege tetgectege tgectgegag 480
ctegtgggeg geccectgga ggeggecatyg ccegecgect gegecatgga gatgatccac 540
accatgagcce tcatccacga cgaccteece gecatggaca acgacgactt ceggegegge 600
cagccogeca accacaagge ctatggegag gagattgega tectggeggg cgacgegetg 660
ctgtcegetga getttgagea catcgegege gagacgegag gegtggacce ggtgegegte 720

ctggecgeca teteggagtyg gegegeggtyg ggcagcecgeyg ggetggtgge ggggeaggtyg 780

gtggacctygyg gtttecgaggg cggeggegtyg gggcetggece cgetgegeta catccacgag 840

cacaaaaccg cggcgetgcet ggaggeggeg gtggtgteceg gegegetget gggeggegeg 900

gaggaggcgyg acctggageg cctgegcace tacaaccgeg ccatcggect cgetttecag 960

gtggtggggyg acatcctgga catccegggg accagegagg agctgggcaa gaccgceggge 1020

aaggacctga gctcccccaa aacccectac cegtecectgyg tggggcetgge caggtccaaa 1080

aaaattgcgg acgaactgat tgaggacgcg aaaacccaac tcacccagta cgagccggece 1140

cgageggege ccctegtaac cctggecgaa aacatttgaa accggaagaa ctgactgggg 1200

gccececeetyg cecccagata cggeggggcet cctcecatcca gttttgggat gggaggagceg 1260

acaaccgacc ccgtaaccct gtgacgegtt tgccttgcat acgtacgcat gecttgaaac 1320

ccatccatga ccctcaacaa tacctggttg tgtgtagett ggtcctgaaa aaaaaaaaaa 1380

aaaaaaaaaa aaaaa 1395

<210> SEQ ID NO 48

<211> LENGTH: 342

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 48

Met Gly Val Gly Thr Leu Gln Thr Pro Tyr Thr Cys Gly Arg Ala Phe
1 5 10 15

Thr His Ser Ala Arg Tyr Val Pro Arg Arg Ala Ala Arg Ser Arg Gly
20 25 30

His Pro Thr Arg Cys Thr Ala Glu Val Arg Ala Arg Pro Ser Ala Asn
35 40 45

Gly Ala Gln Pro Met Thr Ala Phe Asp Phe Arg Gln Tyr Met Gln Gln
50 55 60

Arg Ala Ala Leu Val Asp Ala Ala Leu Asp Leu Ala Val Pro Leu Gln
65 70 75 80
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Tyr Pro Glu

Gly Lys Arg

Gly Gly Pro

115

Ile His Thr
130

Asp Asp Phe
145

Glu Ile Ala

His Ile Ala

Ala Ile Ser

195

Gln Val Val
210

Leu Arg Tyr
225

Val Val Ser

Arg Leu Arg

Gly Asp Ile

275

Ala Gly Lys
290

Gly Leu Ala
305

Lys Thr Gln

Thr Leu Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Ile Asn Glu Ala

Val Arg Pro Ala Leu

100

Leu Glu Ala Ala Met

120

Met Ser Leu Ile His

135

Arg Arg Gly Gln Pro
150

Ile Leu Ala Gly Asp

165

Arg Glu Thr Arg Gly

180

Glu Trp Arg Ala Val

200

Asp Leu Gly Phe Glu

215

Ile His Glu His Lys
230

Gly Ala Leu Leu Gly

245

Thr Tyr Asn Arg Ala

260

Leu Asp Ile Pro Gly

280

Asp Leu Ser Ser Pro

295

Arg Ser Lys Lys Ile
310

Leu Thr Gln Tyr Glu

325

Glu Asn Ile

340

D NO 49
H: 833
DNA

Met

Cys

105

Pro

Asp

Ala

Ala

Val

185

Gly

Gly

Thr

Gly

Ile

265

Thr

Lys

Ala

Pro

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 49

cagatgccat

agacgcacca

ccatcctett

cegteccage

tcegegtgty

ccatctacgt

cactggeege

ttgccggege

tgcaggcege

gegecctegy

ggcegecece

cceceggecag

¢gecgeggey

cgttgagggc

ggccagecty

catcgacgte

cttectectte

cgcecgacgec

gccgcgggcec

ceggeggaca

ggcgcgcaga

ctgttegacy

cccaaggege

geggeggtgg

getgeeggte

gccgacgggce

gcaccetegyg

Arg

Leu

Ala

Asp

Asn

Leu

170

Asp

Ser

Gly

Ala

Ala

250

Gly

Ser

Thr

Asp

Ala
330

Tyr

Ala

Ala

Leu

His

155

Leu

Pro

Arg

Gly

Ala

235

Glu

Leu

Glu

Pro

Glu

315

Arg

tgagggtcca

ggaggttcga

gcgtgggcat

cecgectecga

gectggacag

agaagctgeg

tgtccttggy

tgcgectggt

gecatggtete

Ser Leu Leu
Ala Cys Glu
110

Cys Ala Met
125

Pro Ala Met
140

Lys Ala Tyr

Ser Leu Ser

Val Arg Val

190

Gly Leu Val
205

Val Gly Leu
220

Leu Leu Glu

Glu Ala Asp

Ala Phe Gln
270

Glu Leu Gly
285

Tyr Pro Ser
300

Leu Ile Glu

Ala Ala Pro

cgcagegtec
cgactaccag
ggcgggagag
ccagctegge
caccgecgte
cgcggaggge
cgagtacacc
ggcectgege

cgtcatcggt

Ala Gly
95

Leu Val

Glu Met

Asp Asn

Gly Glu

160

Phe Glu
175

Leu Ala

Ala Gly

Ala Pro

Ala Ala
240

Leu Glu
255

Val Val

Lys Thr

Leu Val

Asp Ala

320

Leu Val
335

Synthetic
tcggtggecce 60
cceegcecaccy 120
ctggcgaagyg 180
tatgacctge 240
agccagececyg 300
dgggaggagg 360
gcgctggect 420
ggcgccagca 480
ctgcectecy 540
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acgeggtgge
gcatcgccaa
cggeggtgga
cgggegectt
geggacacge
<210> SEQ I

<211> LENGT.
<212> TYPE:

cgegetgtge
ctacctetge
gggectggee
ccacaccccc
cgetggtege
D NO 50

H: 275
PRT

gaggcegeca
gacggcaact
aaggcccaca
ttcatgcage

geegegeate

acgcgcaggt ggcccccgac

acgccgtecayg cggtgggetyg

aggcgegeat gacggtgege

cggcggtgga ggcgetgage

ccegtggtcea gcaacgggac

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Description of

polyp

eptide

<400> SEQUENCE: 50

Met Arg Pro
1

Ala Gln Thr
Tyr Gln Pro
35

Val Gly Met
50

Leu Phe Asp
65

Cys Val Glu

Pro Ala Ile

Glu Gly Gly

115

Ser Leu Gly
130

Ala Asp Gly
145

Ala Ala Asp

Ser Asp Ala

Pro Asp Gln
195

Ala Val Ser
210

Lys Ala His
225

Phe His Thr

Ala Gly Gly

Arg Asp Ala
275

<210> SEQ I
<211> LENGT.

Arg Ala Ala Gly Leu

His Gln Ala Ala Pro

20

Arg Thr Ala Ile Leu

40

Ala Gly Glu Leu Ala

55

Ala Ala Ser Asp Gln

Gly Pro Lys Ala Arg

85

Tyr Val Ala Ser Leu

100

Glu Glu Ala Leu Ala

120

Glu Tyr Thr Ala Leu

135

Leu Arg Leu Val Ala
150

Ala Ala Pro Ser Gly

165

Val Ala Ala Leu Cys

180

Ala Val Arg Ile Ala

200

Gly Gly Leu Glu Gly

215

Lys Ala Arg Met Thr
230

Pro Phe Met Gln Pro

245

His Ala Ala Gly Arg

260

D NO 51
H: 787

Arg

Pro

25

Phe

Lys

Leu

Leu

Ala

105

Ala

Ala

Leu

Met

Glu

185

Asn

Cys

Val

Ala

Ala
265

Val

10

Ala

Pro

Ala

Gly

Asp

90

Ala

Ile

Phe

Arg

Val

170

Ala

Tyr

Ala

Arg

Val
250

Ala

Artificial Sequ

His Ala Ala Ser
Asp Arg Arg Phe
30

Gly Gln Gly Ala
45

Val Pro Ala Ala
60

Tyr Asp Leu Leu
75

Ser Thr Ala Val
Val Glu Lys Leu
110

Asp Val Ala Ala
125

Ala Gly Ala Phe
140

Gly Ala Ser Met
155

Ser Val Ile Gly
Ala Asn Ala Gln
190

Leu Cys Asp Gly
205

Ala Val Glu Gly
220

Leu Ala Val Ala
235

Glu Ala Leu Ser

His Pro Arg Gly
270

caggcegtge

gagggetgeg

ctggeggtgg

gegggegetg

gee

600

660

720

780

833

ence: Synthetic

Ser Val
15

Asp Asp

Gln Ser

Ala Ala

Arg Val

Ser Gln

95

Arg Ala

Gly Leu

Ser Phe

Gln Ala

160

Leu Pro
175

Val Ala

Asn Tyr

Leu Ala

Gly Ala
240

Ala Gly
255

Gln Gln
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-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 51

tgtccatcte cccccaccct ccatccaace ategtegacg geatgecagge getgtgttet 60
caccecegegt cectcacgge gegtgeggta ccccatggge gggecagece agcacagegg 120
gtgtccageg ccggecegge ctacaccgge ctgtecegge acaccctggyg ctgecccage 180
acccccacce tccagteceg cgecgeggte cagaccegeg getectecte cggetccace 240
acgcgcatga ccaccaccge ccagegcaag atcaaggtgg ccatcaacgg gtteggecge 300

atcggecgece agttectgeg ctgegtggag gggegegagg actegetget ggagatcegtg 360

gecgtgaacyg actceggegg cgtgaagcag gccagecace tgctcaagta cgactccacce 420
atgggcacct tcaacgccga catcaagate tegggegagg gecaccttete cgtcaacgge 480
cgcgacatce gegtegtete cteeegegac ccectggece tgcectgggg cgagetggge 540

gtggacctgg tgatcgaggg gacgggagtyg tttgtggace gcaagggtge cagcaageac 600

ctgcaggcegg gggccaagaa ggtcatcatce accgegeegyg ccaagggcte cgacgtgece 660
acctacgtca tgggegtgaa cgcggaccag tactccaact ccgacgacat catctccaac 720
gectectgea ccaccaactg cctggegece tttgtcaagg tgctcaacga cegettegge 780
atcgtga 787

<210> SEQ ID NO 52

<211> LENGTH: 248

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 52

Met Gln Ala Leu Cys Ser His Pro Ala Ser Leu Thr Ala Arg Ala Val
1 5 10 15

Pro His Gly Arg Ala Ser Pro Ala Gln Arg Val Ser Ser Ala Gly Pro
20 25 30

Ala Tyr Thr Gly Leu Ser Arg His Thr Leu Gly Cys Pro Ser Thr Pro
35 40 45

Thr Leu Gln Ser Arg Ala Ala Val Gln Thr Arg Gly Ser Ser Ser Gly
50 55 60

Ser Thr Thr Arg Met Thr Thr Thr Ala Gln Arg Lys Ile Lys Val Ala

Ile Asn Gly Phe Gly Arg Ile Gly Arg Gln Phe Leu Arg Cys Val Glu
85 90 95

Gly Arg Glu Asp Ser Leu Leu Glu Ile Val Ala Val Asn Asp Ser Gly
100 105 110

Gly Val Lys Gln Ala Ser His Leu Leu Lys Tyr Asp Ser Thr Met Gly
115 120 125

Thr Phe Asn Ala Asp Ile Lys Ile Ser Gly Glu Gly Thr Phe Ser Val
130 135 140

Asn Gly Arg Asp Ile Arg Val Val Ser Ser Arg Asp Pro Leu Ala Leu
145 150 155 160

Pro Trp Gly Glu Leu Gly Val Asp Leu Val Ile Glu Gly Thr Gly Val
165 170 175
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192

Phe Val Asp
Lys Val Ile
195

Val Met Gly
210

Ser Asn Ala
225

Leu Asn Asp

<210> SEQ I
<211> LENGT.
<212> TYPE:

Arg Lys Gly Ala Ser

180

Ile Thr Ala Pro Ala

200

Val Asn Ala Asp Gln

215

Ser Cys Thr Thr Asn
230

Arg Phe Gly Ile Val

245
D NO 53
H: 860

DNA

Lys His Leu
185

Lys Gly Ser

Tyr Ser Asn

Cys Leu Ala
235

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 53

gatgttgaga
ttcatgcaag
cgtetgeegy
cgctetgget
gcagggceetg
gtetggegge
gtgcctggag
cgactttgtyg
ccagatgaag
tgctgecagte
ggagcttgac
cegtgggtec
cgtggeccetyg
caaggctetyg
ggtggcggge
<210> SEQ I

<211> LENGT.
<212> TYPE:

atagtagett

ggggecttea

getgatggea

gecteectee

acctacctge

tcctecaaca

cccacgtect

cccaccaagce

atcgacggca

accgtgcage

gccaagggga

tcecttectygy

cecegeagecyg

aagggggagy
atctttgagt
D NO 54

H: 275
PRT

getgeettgt

cccagteect

aggccggagce

tcectgtetygyg

aggtgaaggg

tcaaggacct

tcaaggtcaa

tcgtcacgeyg

geggeggegt

ttCnggng

ctgccgacgyg

accccaaggyg

gegattecga

ccatcttcete

cgccatgeag

geggaccece

cttcatcaag

gggtgeggge

ctctggeate

gaagagceggy

dgaggaggcea

tctgacctac

ggagttcaag

ggagcgegtyg

cttcaaggge

cegeggeged

ggagttggag

catcgcecaag

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of

polyp

RE:

eptide

<400> SEQUENCE: 54

Met Gln Ser
1

Gln Ser Leu
Ala Asp Gly
35

Ala Ala Leu
50

Val Cys Ala Gln Ser

5

Arg Thr Pro Arg Cys

20

Lys Ala Gly Ala Phe

40

Ala Ala Ser Leu Leu

55

Val Ser Cys
10

Ser Arg Ser
25

Ile Lys Thr

Leu Ser Gly

Gln Ala Gly
190

Asp Val Pro
205

Ser Asp Asp
220

Pro Phe Val

agcgtgtgeyg
cgatgcagca
accgtaaaga
gcactgacct
gccaacacct
acctacteeg
cagttcaaga
accctggacyg
gaggaggatg
ceccttectet
gagttcaccg
tccacegget

aaggagaaca

gtggacgeceg

Artificial Sequence:

Lys Gly Ala
Gln Leu Val
30

Val Lys Ser
45

Gly Ala Gly
60

Ala Lys

Thr Tyr

Ile Ile

Lys Val
240

Synthetic
cgcagtecggt 60
ggagccagcet 120
gcggtgctge 180
ttgatgagct 240
gccccacceet 300
tcaacaagat 360
acggcgaggce 420
agatctctgg 480
gcatcgacta 540
tcaccatcaa 600
tgcectecta 660
acgacaacgc 720
acaagtccac 780
ggacagggga 840

860

Synthetic

Phe Thr
15

Cys Arg
Gly Ala
Ala Leu
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ued

194

Thr

65

Gly

Lys

Pro

Ala

Asp

145

Phe

Pro

Ala

Tyr

Gly

225

Leu

Ile

Ile

<210>
<211>
<212>
<213>
<220>
<223>

Phe

Ile

Asp

Thr

Asp

130

Glu

Lys

Gly

Lys

Arg

210

Tyr

Glu

Phe

Phe

Asp

Ala

Leu

Ser

115

Phe

Ile

Glu

Gly

Gly

195

Gly

Asp

Lys

Ser

Glu
275

Glu

Asn

Lys

100

Phe

Val

Ser

Glu

Glu

180

Thr

Ser

Asn

Glu

Ile
260

Leu

Thr

85

Ser

Lys

Pro

Gly

Asp

165

Arg

Ala

Ser

Ala

Asn

245

Ala

SEQ ID NO 55
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:

818

Gln

70

Cys

Gly

Val

Thr

Gln

150

Gly

Val

Asp

Phe

Val

230

Asn

Lys

polynucleotide

<400> SEQUENCE:

ataatcggaa cccagetgcea

ctatggegta

gcacttcace

dgggcaggcyg

Cngthng

caccgagaag

caacttegtyg

cgccaaggte

gatcatcgge

gegtgtgetg

ggagcacatc

gaccctggge

gcaggagcce

ttggcgeect

accctcactce

gggtctggga

ggcegcacca

gccatcaagg

dggacggagce

ctcaagtcga

¢gggggagey

gagctgtece

ctgetgggec

gecgaccece

gtgggcacca

55

Gly

Pro

Thr

Lys

Lys

135

Met

Ile

Pro

Gly

Leu

215

Ala

Lys

Val

Leu

Thr

Tyr

Glu

120

Leu

Lys

Asp

Phe

Phe

200

Asp

Leu

Ser

Asp

cgcaccatca

ceggetecag

ccttttecgy

gececcagac

ccagcgeagt

tggtcatget

aaatcctget

tgggcgtcac

getttgtgge

tggaggaggce

tgctgegega

agaagatccg

cggtgggcgg

Thr

Leu

Ser

105

Glu

Val

Ile

Tyr

Leu

185

Lys

Pro

Pro

Thr

Ala
265

Tyr

Ser

90

Val

Ala

Thr

Asp

Ala

170

Phe

Gly

Lys

Ala

Lys

250

Gly

Leu

75

Gly

Asn

Gln

Arg

Gly

155

Ala

Thr

Glu

Gly

Ala

235

Ala

Thr

gtgcggcage

cgtgaccegyg

cttcaggege

cctgcageag

gegegtgace

c¢gcgcaggag

ggggttgatt

gctgaaagat

cgtggagatc

tcgecagete

gggtgaggge

cactcaggtyg

agggtccacc

Gln Val Lys

Gly Ser Ser

Lys Met Cys

110

Phe Lys Asn
125

Leu Thr Tyr
140

Ser Gly Gly

Val Thr Val

Ile Lys Glu
190

Phe Thr Val
205

Arg Gly Ala
220

Gly Asp Ser

Leu Lys Gly

Gly Glu Val
270

atgcagaccyg
ggctcgacca
ctgaatcatg
geegtgggea
cgcatgatgt
gaggctegece
ggggagtcca
gegegtgtgg
cecctteacce
ggccacaact
gtggcctece
gtacgcatgg

ggctccaaca

Gly Ser
80

Asn Ile
95

Leu Glu

Gly Glu

Thr Leu

Val Glu
160

Gln Leu
175

Leu Asp

Pro Ser

Ser Thr

Glu Glu
240

Glu Ala
255

Ala Gly

tcgcagecag
gcagcaagca
tggatcggge
aggcegtgeg
ttgagcggtt
gtctgggeca
caggcatcge
aggtcgagaa
ccegegecaa
acattggcac
gegtgetgga
tgggtgagtce

agatgcccac

Synthetic

60

120

180

240

300

360

420

480

540

600

660

720

780
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cctggaggag tacggcacca acctgaccge ccaggecg

<210>
<211>
<212>
<213>
<220>
<223>

PRT

SEQ ID NO 56
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of

259

polypeptide

<400> SEQUENCE:

Met

1

Ser

Thr

Gln

Ala

65

Arg

Leu

Glu

Lys

145

Pro

Ala

Gly

Leu

Gly

225

Gly

Ala

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Gln

Val

Pro

Ala

Val

Met

Ala

Gln

Val

130

Glu

Phe

Arg

Leu

Gly

210

Glu

Ser

Gln

Thr

Thr

Phe

35

Gly

Arg

Met

Gln

Ile

115

Leu

Lys

Thr

Gln

Leu

195

Ala

Ser

Asn

Ala

Val

Arg

20

Ser

Ser

Arg

Phe

Glu

100

Leu

Lys

Ile

Pro

Leu

180

Arg

Asp

Gln

Lys

56

Ala

Gly

Gly

Gly

Ser

Glu

85

Glu

Leu

Ser

Ile

Arg

165

Gly

Glu

Pro

Glu

Met
245

SEQ ID NO 57
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:

2357

Ala

Ser

Phe

Ser

Arg

70

Arg

Ala

Gly

Met

Gly

150

Ala

His

Gly

Gln

Pro

230

Pro

polynucleotide

SEQUENCE :

57

Ser

Thr

Arg

Pro

55

Gly

Phe

Arg

Leu

Gly

135

Arg

Lys

Asn

Glu

Lys

215

Val

Thr

Tyr

Ser

Arg

40

Gln

Arg

Thr

Arg

Ile

120

Val

Gly

Arg

Tyr

Gly

200

Ile

Gly

Leu

Gly

Ser

25

Leu

Thr

Thr

Glu

Leu

105

Gly

Thr

Ser

Val

Ile

185

Val

Arg

Thr

Glu

Val

10

Lys

Asn

Leu

Thr

Lys

90

Gly

Glu

Leu

Gly

Leu

170

Gly

Ala

Thr

Thr

Glu
250

Artificial Sequence:

Leu Ala

Gln His

His Val

Gln Gln

60

Ser Ala
75

Ala Ile

His Asn

Ser Thr

Lys Asp

140

Phe Val
155

Glu Leu

Thr Glu

Ser Arg

Gln Val
220

Val Gly
235

Tyr Gly

Pro

Phe

Asp

45

Ala

Val

Lys

Phe

Gly

125

Ala

Ala

Ser

His

Val

205

Val

Gly

Thr

Ser

Thr

30

Arg

Val

Arg

Val

Val

110

Ile

Arg

Val

Leu

Ile

190

Leu

Arg

Gly

Asn

Gly

15

Thr

Ala

Gly

Val

Val

95

Gly

Ala

Val

Glu

Glu

175

Leu

Glu

Met

Ser

Leu
255

818

Synthetic

Ser

Leu

Gly

Lys

Thr

80

Met

Thr

Ala

Glu

Ile

160

Glu

Leu

Thr

Val

Thr

240

Thr

Synthetic

ctttettgeg ctatgacact tccagcaaaa ggtagggegg getgcgagac ggettcecegg 60

cgctgecatge aacaccgatg atgettegac cceccgaage tecttegggg ctgcatggge 120
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-continued
gctecgatge cgetecaggg cgagegetgt ttaaatagece aggcccccga ttgcaaagac 180
attatagcga gctaccaaag ccatattcaa acacctagat cactaccact tctacacagg 240
ccactecgage ttgtgatcge actccgetaa gggggcegect cttectette gtttcagtca 300
caacccgcaa acggegegece atatcaatge ttettcagge ctttettttt cttettgetg 360
gttttgctge caagatcage gcctctatga cgaacgaaac ctcggataga ccacttgtge 420
actttacacc aaacaagggc tggatgaatg accccaatgg actgtggtac gacgaaaaag 480
atgccaagtg gcatctgtac tttcaataca acccgaacga tactgtctgg gggacgccat 540
tgttttgggg ccacgccacg tccgacgace tgaccaattyg ggaggaccaa ccaatagcta 600
tecgetecgaa gaggaacgac tccggageat tetegggtte catggtggtt gactacaaca 660
atacttccgg ctttttcaac gataccattg acccgagaca acgctgcegtyg gccatatgga 720
cttacaacac accggagtcce gaggagcagt acatctcegta tagectggac ggtggataca 780
cttttacaga gtatcagaag aaccctgtge ttgctgcaaa ttcgactcag ttccgagate 840
cgaaggtett ttggtacgag ccctcgecaga agtggatcat gacagcggca aagtcacagg 900
actacaagat cgaaatttac tcgtctgacg accttaaatc ctggaagctc gaatccgegt 960
tcgcaaacga gggctttete ggctaccaat acgaatgccce aggcctgata gaggtcccaa 1020
cagagcaaga tcccagcaag tcctactggg tgatgtttat ttccattaat ccaggagcac 1080
cggcaggagg ttcttttaat cagtacttcg tcggaagcett taacggaact catttcgagg 1140
catttgataa ccaatcaaga gtagttgatt ttggaaagga ctactatgcc ctgcagactt 1200
tcttcaatac tgacccgacce tatgggagcg ctcecttggcat tgcegtggget tcetaactggg 1260
agtattccge attcgttect acaaaccctt ggaggtcectce catgtcgcte gtgaggaaat 1320
tctetetcaa cactgagtac caggccaacce cggaaaccga actcataaac ctgaaagccg 1380
aaccgatcct gaacattagce aacgctggce cctggagecg gtttgcaacce aacaccacgt 1440
tgacgaaagc caacagctac aacgtcgatc tttcgaatag caccggtaca cttgaatttg 1500
aactggtgta tgccgtcaat accacccaaa cgatctcgaa gtcggtgtte geggacctcet 1560
ccetetggtt taaaggcctyg gaagaccccg aggagtacct cagaatgggt ttcgaggttt 1620
ctgcgtecte cttcettectt gatcgcecggga acagcaaagt aaaatttgtt aaggagaacc 1680
catattttac caacaggatg agcgttaaca accaaccatt caagagcgaa aacgacctgt 1740
cgtactacaa agtgtatggt ttgcttgatc aaaatatcct ggaactctac ttcaacgatg 1800
gtgatgtcgt gtccaccaac acatacttca tgacaaccgg gaacgcactg ggctccgtga 1860
acatgacgac gggtgtggat aacctgttct acatcgacaa attccaggtg agggaagtca 1920
agtgagatct gtcgatcgac aagctcgagg cagcagcagce tcggatagta tcgacacact 1980
ctggacgctg gtcgtgtgat ggactgttgce cgccacactt gectgeccttga cctgtgaata 2040
tcectgecge ttttatcaaa cagcectcagt gtgtttgatce ttgtgtgtac gegettttge 2100
gagttgctag ctgcttgtge tatttgcgaa taccacccec agcatccect tcectegttt 2160
catatcgett gcatcccaac cgcaacttat ctacgctgtce ctgctatcce tcagcegectgce 2220
tcetgetect getcactgece cctecgcacag ccttggtttg ggctecgect gtattcectect 2280
ggtactgcaa cctgtaaacc agcactgcaa tgctgatgca cgggaagtag tgggatggga 2340
acacaaatgg aaagctt 2357

<210> SEQ ID NO 58
<211> LENGTH: 2335
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-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 58

ctttettgeg ctatgacact tccagcaaaa ggtagggegg getgcgagac ggettcecegg 60
cgctgecatge aacaccgatg atgettegac cceccgaage tecttegggg ctgcatggge 120
getecgatge cgetecaggg cgagegetgt ttaaatagec aggeccccga ttgcaaagac 180
attatagcga gctaccaaag ccatattcaa acacctagat cactaccact tctacacagg 240
ccactcgage ttgtgatege actccgetaa gggggegect cttectcette gtttcagtca 300
caacccgcaa acggcegegece atgetgetge aggecttect gttectgetg gecggetteg 360
ccgecaagat cagegectece atgacgaacg agacgtecga cegeccccetg gtgcacttca 420
ccecccaacaa gggctggatg aacgacceca acggectgtg gtacgacgag aaggacgceca 480
agtggcacct gtacttccag tacaacccga acgacaccgt ctgggggacg cccttgttet 540
ggggccacge cacgtccgac gacctgacca actgggagga ccagcccatce gecatcgecc 600
cgaagcgcaa cgactcegge gectteteeg getccatggt ggtggactac aacaacacct 660
ceggettett caacgacacce atcgaccege gecagegetg cgtggecate tggacctaca 720
acaccccgga gtcecgaggag cagtacatct cctacagect ggacggegge tacaccttca 780
ccgagtacca gaagaacccee gtgetggeceg ccaactecac cecagttceege gacccegaagg 840
tcttetggta cgagecctece cagaagtgga tcatgaccge ggccaagtcee caggactaca 900
agatcgagat ctactectece gacgacctga agtcctggaa getggagtcee gegttegeca 960

acgagggcett ccteggetac cagtacgagt gecccggect gatcgaggte cccaccgage 1020
aggaccccag caagtcctac tgggtgatgt tcatctceccat caacceccgge gecccecggecg 1080
gcggcectectt caaccagtac ttegtcggca gcecttcaacgg cacccacttce gaggectteg 1140
acaaccagtc ccgcgtggtg gacttcggca aggactacta cgccctgcag accttcettca 1200
acaccgacce gacctacggg agcgcectgg geatcegegtyg ggectccaac tgggagtact 1260
ccgecttegt geccaccaac cecctggegcet cctecatgte cctegtgcege aagttcectece 1320
tcaacaccga gtaccaggcce aacccggaga cggagctgat caacctgaag gccgagccga 1380
tcctgaacat cagcaacgcce ggcccctgga gecggttege caccaacacce acgttgacga 1440
aggccaacag ctacaacgtc gacctgtcca acagcaccegg caccctggag ttcgagetgg 1500
tgtacgcecgt caacaccacc cagacgatct ccaagtcegt gttcgecggac ctetccectet 1560
ggttcaaggg cctggaggac cccgaggagt acctceccgcat gggcttcgag gtgtceccgegt 1620
cctecttett cectggaccge gggaacagca aggtgaagtt cgtgaaggag aacccctact 1680
tcaccaaccyg catgagcgtg aacaaccage ccttcaagag cgagaacgac ctgtcectact 1740
acaaggtgta cggcttgctg gaccagaaca tcctggaget gtacttcaac gacggcgacg 1800
tcgtgtecac caacacctac ttcatgacca ccgggaacgce cctgggctece gtgaacatga 1860
cgacgggggt ggacaacctg ttctacatcg acaagttcecca ggtgcgcgag gtcaagtgat 1920
taattaactc gaggcagcag cagctcggat agtatcgaca cactctggac getggtegtg 1980
tgatggactg ttgccgccac acttgctgce ttgacctgtg aatatccctg ccgettttat 2040
caaacagcct cagtgtgttt gatcttgtgt gtacgcgett ttgcgagttg ctagetgett 2100

gtgctatttyg cgaataccac ccccagcatc ccctteccte gtttcatatce gcttgcatcece 2160



201

US 9,464,304 B2

-continued

202

caaccgcaac ttatctacge tgtectgeta tcectcageg ctgetectge tcectgetcac

tgccecctege acagecttgg tttgggetee gectgtatte tectggtact gcaacctgta

aaccagcact gcaatgctga tgcacgggaa gtagtgggat gggaacacaa atgga

<210> SEQ ID NO 59

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Met

Gln

Thr

Met

65

Trp

Asp

Ile

Gly

145

Asp

Pro

Gly

Gly

Arg

225

Gly

Lys

Leu

Ile

Glu
305

Thr

Ser

Ala

Leu

Leu

Lys

50

Leu

Thr

Asp

Arg

Met

130

Ile

Leu

Ala

Asn

Glu

210

Thr

Pro

Pro

Thr

Lys

290

Ser

Met

Glu

Thr

Ala

Arg

35

Phe

Phe

Asn

His

Ser

115

Asn

Leu

Ile

Trp

Asn

195

Ile

Arg

Ala

Gln

Pro

275

Tyr

His

Asp

Ala

Thr

Arg

20

Ala

Ser

Ala

Leu

Phe

100

Tyr

His

Gly

Trp

Gly

180

Gly

Leu

Arg

Phe

Lys

260

Arg

Val

His

Ser

Gly

382

Cinnamomum camphorum

59

Ser

Asp

Gly

Tyr

Val

Glu

85

Gly

Glu

Leu

Asp

Val

165

Asp

Arg

Thr

Leu

Ile

245

Leu

Trp

Asp

Ile

Val
325

Leu

Leu

Gly

Asn

Thr

Ile

70

Trp

Pro

Val

Gln

Gly

150

Val

Thr

Arg

Arg

Ser

230

Asp

Asn

Asn

Trp

Ser
310

Leu

Val

Ala

Arg

Ala

Glu

55

Thr

Lys

His

Gly

Glu

135

Phe

Lys

Val

His

Cys

215

Lys

Asn

Asp

Asp

Ile
295
Ser

Gln

Cys

Ser

Gly

Gln

40

Ser

Thr

Pro

Gly

Pro

120

Ala

Gly

Arg

Glu

Asp

200

Thr

Ile

Val

Ser

Leu

280

Leu

Phe

Ser

Glu

Ala

Met

25

Thr

Leu

Ile

Lys

Leu

105

Asp

Ala

Thr

Thr

Val

185

Phe

Ser

Pro

Ala

Thr

265

Asp

Glu

Thr

Leu

His

Phe

10

Lys

Ser

Lys

Phe

Pro

90

Val

Arg

Leu

Thr

His

170

Glu

Leu

Leu

Glu

Val

250

Ala

Ile

Thr

Ile

Thr
330

Leu

Cys

Pro

Leu

Lys

Ser

75

Asn

Phe

Ser

Asn

Leu

155

Val

Cys

Val

Ser

Glu

235

Lys

Asp

Asn

Val

Glu
315

Thr

Leu

Ser

Arg

Lys

Leu

60

Ala

Pro

Arg

Thr

His

140

Glu

Ala

Trp

Arg

Val

220

Val

Asp

Tyr

Gln

Pro

300

Tyr

Val

Gln

Met

Ser

Met

45

Pro

Ala

Pro

Arg

Ser

125

Ala

Met

Val

Val

Asp

205

Met

Arg

Glu

Ile

His

285

Asp

Arg

Ser

Leu

Lys

Ser

30

Ile

Asp

Glu

Gln

Thr

110

Ile

Lys

Ser

Glu

Gly

190

Cys

Met

Gly

Glu

Gln

270

Val

Ser

Arg

Gly

Glu

Ala

15

Asp

Asn

Trp

Lys

Leu

95

Phe

Val

Ser

Lys

Arg

175

Ala

Lys

Asn

Glu

Ile

255

Gly

Asn

Ile

Glu

Gly
335

Gly

Val

Leu

Gly

Ser

Gln

80

Leu

Ala

Ala

Val

Arg

160

Tyr

Ser

Thr

Thr

Ile

240

Lys

Gly

Asn

Phe

Cys
320

Ser

Gly
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204

340

345

350

Ser Glu Val Leu Arg Ala Lys Thr Glu Trp Arg Pro Lys Leu Thr Asp

355

360

365

Ser Phe Arg Gly Ile Ser Val Ile Pro Ala Glu Ser Ser Val

370

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 60
H: 1240
DNA

375

<213> ORGANISM: Cinnamomum camphorum

<400> SEQUENCE: 60

ggcgegecat
tggccegega
acgcccagac
agaagctgec
agaagcagtyg
accacttegg
tgggcccega
tgaaccacge
ccaagegega
cctggggega
gccacgactt
tgagcgtgat
gcgagategg
cccagaaget
acgacctgga
cegtgeccga
gcgagtgcac
aggceggect
ccaagaccga
ccgagtecag
actacaagga
<210> SEQ I

<211> LENGT.
<212> TYPE:

ggccaccace
cggeegegge
ctcectgaag
cgactggtec
gaccaacctyg
ccececcacgge
cecgetecace
caagtcegtyg
cctgatetygyg
caccgtggag
cctggtgege
gatgaacacc
ccecegectte
gaacgactce
catcaaccag
cagcatctte
catggacagc
ggtgtgcgag
gtggcgccce
cgtgatggac
cgacgacgac
D NO 61

H: 415
PRT

tcecetggect

atgaagcccc

atgatcaacg

atgctgtteg

gagtggaage

ctggtgttee

agcatcgtgg

ggcatcctygyg

gtggtgaage

gtggagtgcet

gactgcaaga

cgcaceceged

atcgacaacg

accgcegact

cacgtgaaca

gagagccace

gtgctgcagt

cacctgetge

aagctgaccyg

tacaaggacc

aagtgactcg

cecgecttetyg

gctecagega

gcaccaagtt

cecgtgatcac

ccaagcccaa

gecgcaccett

ccgtgatgaa

gegacggett

gcacccacgt

gggtgggcge

ccggcegagat

gectgagcaa

tggccegtgaa

acatccaggyg

acatcaagta

acatctccte

ccctgaccac

agctggaggg

actcctteeg

acgacggcga

agttaattaa

<213> ORGANISM: Cuphea hookeriana

<400> SEQUENCE: 61

Met Val Ala
1

Gly Ala Ser

Ser Pro Ser
35

Lys Ala Asn
50

Leu Lys Ser

Ala Ala Ala Ser Ser

Pro Lys Pro Gly Lys

20

Phe Lys Pro Lys Ser

40

Asp Ser Ala His Pro

55

Gly Ser Leu Asn Thr

Ala Phe Phe
10

Phe Gly Asn
25
Ile Pro Asn

Lys Ala Asn

Gln Glu Asp

380

cagcatgaag
cctgcagety
ctcctacace
caccatctte
ccecececcag
cgccateege
ccacctgeag
cggcaccace
ggccgtggag
ctceggcaac
cctgaccege
gatccecgag
ggacgaggag
cggectgace
cgtggactgg
cttcaccatce
cgtgagcgge
cggcagcgag
cggcatcage

ctacaaggac

Pro Val Pro
Trp Pro Ser
30

Gly Gly Phe
45

Gly Ser Ala
60

Thr Ser Ser

geegtgatge
cgegeeggea
gagagcctga
tcegeegecy
ctgctggacy
agctacgagg
gaggcegecce
ctggagatgt
cgctaccecey
aacggccgec
tgcaccteee
gaggtgcgeg
atcaagaagc
ccecegetgga
atcctggaga
gagtaccgce
ggctecteeg
gtgctgegeg
gtgatcceeg

cacgacatcg

Ala Pro

15

Ser Leu

Gln Val

Val Ser

Ser Pro

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1240
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65 70 75 80

Pro Pro Arg Thr Phe Leu His Gln Leu Pro Asp Trp Ser Arg Leu Leu
85 90 95

Thr Ala Ile Thr Thr Val Phe Val Lys Ser Lys Arg Pro Asp Met His
100 105 110

Asp Arg Lys Ser Lys Arg Pro Asp Met Leu Val Asp Ser Phe Gly Leu
115 120 125

Glu Ser Thr Val Gln Asp Gly Leu Val Phe Arg Gln Ser Phe Ser Ile
130 135 140

Arg Ser Tyr Glu Ile Gly Thr Asp Arg Thr Ala Ser Ile Glu Thr Leu
145 150 155 160

Met Asn His Leu Gln Glu Thr Ser Leu Asn His Cys Lys Ser Thr Gly
165 170 175

Ile Leu Leu Asp Gly Phe Gly Arg Thr Leu Glu Met Cys Lys Arg Asp
180 185 190

Leu Ile Trp Val Val Ile Lys Met Gln Ile Lys Val Asn Arg Tyr Pro
195 200 205

Ala Trp Gly Asp Thr Val Glu Ile Asn Thr Arg Phe Ser Arg Leu Gly
210 215 220

Lys Ile Gly Met Gly Arg Asp Trp Leu Ile Ser Asp Cys Asn Thr Gly
225 230 235 240

Glu Ile Leu Val Arg Ala Thr Ser Ala Tyr Ala Met Met Asn Gln Lys
245 250 255

Thr Arg Arg Leu Ser Lys Leu Pro Tyr Glu Val His Gln Glu Ile Val
260 265 270

Pro Leu Phe Val Asp Ser Pro Val Ile Glu Asp Ser Asp Leu Lys Val
275 280 285

His Lys Phe Lys Val Lys Thr Gly Asp Ser Ile Gln Lys Gly Leu Thr
290 295 300

Pro Gly Trp Asn Asp Leu Asp Val Asn Gln His Val Ser Asn Val Lys
305 310 315 320

Tyr Ile Gly Trp Ile Leu Glu Ser Met Pro Thr Glu Val Leu Glu Thr
325 330 335

Gln Glu Leu Cys Ser Leu Ala Leu Glu Tyr Arg Arg Glu Cys Gly Arg
340 345 350

Asp Ser Val Leu Glu Ser Val Thr Ala Met Asp Pro Ser Lys Val Gly
355 360 365

Val Arg Ser Gln Tyr Gln His Leu Leu Arg Leu Glu Asp Gly Thr Ala
370 375 380

Ile Val Asn Gly Ala Thr Glu Trp Arg Pro Lys Asn Ala Gly Ala Asn
385 390 395 400

Gly Ala Ile Ser Thr Gly Lys Thr Ser Asn Gly Asn Ser Val Ser
405 410 415

<210> SEQ ID NO 62

<211> LENGTH: 1339

<212> TYPE: DNA

<213> ORGANISM: Cuphea hookeriana

<400> SEQUENCE: 62

ggcgegecat ggtggceegee gecgecteca gegecttett cecegtgece gecceeggeg 60

ccteccccaa geccggeaag tteggeaact ggecctecag cetgagecce tcecttcaage 120

ccaagtccat ccccaacgge ggcttecagg tgaaggecaa cgacagegece caccccaagg 180
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ccaacggcte cgcegtgage ctgaagageg geagectgaa cacccaggag gacacctect 240
ccagecccee cccecgeace ttectgeace agetgcecega ctggagecge ctgctgaccyg 300
ccatcaccac cgtgttegtg aagtccaage gecccgacat gcacgaccge aagtccaage 360
geeccgacat getggtggac agcetteggece tggagtcecac cgtgcaggac ggectggtgt 420
tcegecagte cttetecate cgctectacg agatcggcac cgaccgcace gccagcatcg 480
agaccctgat gaaccacctg caggagacct cectgaacca ctgcaagagce accggcatce 540
tgctggacgg ctteggecge accctggaga tgtgcaageg cgacctgate tgggtggtga 600
tcaagatgca gatcaaggtg aaccgctacce cegectgggg cgacaccgtyg gagatcaaca 660
ccegetteag cegectggge aagatcggea tgggecgega ctggetgate tcecgactgea 720
acaccggcga gatcctggtg cgcgccacca gegectacge catgatgaac cagaagacce 780
geegectgte caagetgcece tacgaggtgce accaggagat cgtgccectg ttegtggaca 840
geecegtgat cgaggactcee gacctgaagg tgcacaagtt caaggtgaag accggcgaca 900
gcatccagaa gggectgace cccggetgga acgacctgga cgtgaaccag cacgtgtceca 960
acgtgaagta catcggcectgg atcctggaga geatgcccac cgaggtgcetyg gagacccagg 1020
agctgtgetce cctggccetg gagtaccgcee gcgagtgegg ccgcgactee gtgctggaga 1080
gegtgacege catggacccee agcaaggtgg gegtgegete ccagtaccag cacctgetge 1140
gectggagga cggcaccgee atcgtgaacg gegccaccga gtggcegeccce aagaacgcecyg 1200
gegecaacygyg cgcecatctece accggcaaga ccagcaacgg caactceegtg tcecatggact 1260
acaaggacca cgacggcgac tacaaggacc acgacatcga ctacaaggac gacgacgaca 1320
agtgactcga gttaattaa 1339

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 63
H: 382
PRT

<213> ORGANISM: Umbellularia sp.

<400> SEQUENCE: 63

Met Ala Thr
1

Met Leu Ala
Gln Leu Arg
35

Thr Lys Phe
50

Met Leu Phe
65

Trp Thr Asn

Asp Asp His

Ile Arg Ser

115

Val Met Asn
130

Gly Ile Leu
145

Asp Leu Met

Thr Ser Leu Ala Ser

Arg Asp Gly Arg Gly

20

Ala Gly Asn Ala Pro

40

Ser Tyr Thr Glu Ser

55

Ala Val Ile Thr Thr

70

Leu Glu Trp Lys Pro

85

Phe Gly Leu His Gly

100

Tyr Glu Val Gly Pro

120

His Met Gln Glu Ala

135

Gly Asp Gly Phe Gly
150

Trp Val Val Arg Arg

Ala Phe Cys
10

Met Lys Pro
25

Thr Ser Leu

Leu Lys Arg

Ile Phe Ser
75

Lys Pro Lys
90

Leu Val Phe
105

Asp Arg Ser

Thr Leu Asn

Thr Thr Leu

155

Thr His Val

Ser Met Lys

Arg Ser Ser
30

Lys Met Ile
45

Leu Pro Asp
60

Ala Ala Glu

Leu Pro Gln

Arg Arg Thr

110

Thr Ser Ile
125

His Ala Lys
140

Glu Met Ser

Ala Val Glu

Ala Val

Asp Leu

Asn Gly

Trp Ser

Lys Gln

80

Leu Leu
95

Phe Ala

Leu Ala

Ser Val

Lys Arg

160

Arg Tyr
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165 170 175

Pro Thr Trp Gly Asp Thr Val Glu Val Glu Cys Trp Ile Gly Ala Ser
180 185 190

Gly Asn Asn Gly Met Arg Arg Asp Phe Leu Val Arg Asp Cys Lys Thr
195 200 205

Gly Glu Ile Leu Thr Arg Cys Thr Ser Leu Ser Val Leu Met Asn Thr
210 215 220

Arg Thr Arg Arg Leu Ser Thr Ile Pro Asp Glu Val Arg Gly Glu Ile
225 230 235 240

Gly Pro Ala Phe Ile Asp Asn Val Ala Val Lys Asp Asp Glu Ile Lys
245 250 255

Lys Leu Gln Lys Leu Asn Asp Ser Thr Ala Asp Tyr Ile Gln Gly Gly
260 265 270

Leu Thr Pro Arg Trp Asn Asp Leu Asp Val Asn Gln His Val Asn Asn
275 280 285

Leu Lys Tyr Val Ala Trp Val Phe Glu Thr Val Pro Asp Ser Ile Phe
290 295 300

Glu Ser His His Ile Ser Ser Phe Thr Leu Glu Tyr Arg Arg Glu Cys
305 310 315 320

Thr Arg Asp Ser Val Leu Arg Ser Leu Thr Thr Val Ser Gly Gly Ser
325 330 335

Ser Glu Ala Gly Leu Val Cys Asp His Leu Leu Gln Leu Glu Gly Gly
340 345 350

Ser Glu Val Leu Arg Ala Arg Thr Glu Trp Arg Pro Lys Leu Thr Asp
355 360 365

Ser Phe Arg Gly Ile Ser Val Ile Pro Ala Glu Pro Arg Val
370 375 380

<210> SEQ ID NO 64

<211> LENGTH: 1240

<212> TYPE: DNA

<213> ORGANISM: Umbellularia sp.

<400> SEQUENCE: 64

ggcgegecat ggccaccace agectggect ccgecttetg ctecatgaag geegtgatge 60
tggccegega cggecegegge atgaagecce geagetecga cetgcagetyg cgegecggea 120
acgcccccac cteectgaag atgatcaacg gcaccaagtt cagetacace gagagectga 180
agcgectgee cgactggtece atgetgtteg cegtgatcac caccatctte agegecgecg 240
agaagcagtyg gaccaacctg gagtggaage ccaagcccaa getgceccag ctgctggacg 300
accacttegg cctgcacgge ctggtgttee geegeacctt cgecatcege tcectacgagg 360
tgggcccega ccgcagcace tccatcectgg cegtgatgaa ccacatgecag gaggccacece 420
tgaaccacge caagagcegtg ggcatcctgg gegacggett cggcaccace ctggagatgt 480
ccaagcgega cctgatgtgg gtggtgegee geacccacgt ggeegtggag cgctacccca 540

cctggggega caccgtggag gtggagtget ggateggege cageggcaac aacggcatge 600

gecgegactt cctggtgege gactgcaaga ccggcgagat cctgaccege tgcacctecc 660
tgagcgtgcet gatgaacacce cgcacccgee gectgageac catccecgac gaggtgegeg 720
gegagatcegg ccccegectte atcgacaacyg tggccegtgaa ggacgacgayg atcaagaagce 780
tgcagaagct gaacgactcce accgecgact acatccaggg cggectgace ccecgetgga 840

acgacctgga cgtgaaccag cacgtgaaca acctgaagta cgtggectgg gtgttcgaga 900
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-continued

212

cegtgecega cagcatctte gagtcccace acatcagete cttcaccetyg gagtaccegece 960

gegagtgcac ccgcgactee gtgetgegea gectgaccac cgtgagegge ggcagetceeg 1020

aggccggect ggtgtgegac cacctgetge agetggaggg cggcagegag gtgctgegeg 1080

ccegeacega gtggegeccee aagctgacceg actectteeg cggeatcage gtgatcceceg 1140

ccgagecceg cgtgatggac tacaaggace acgacggcega ctacaaggac cacgacatcg 1200

actacaagga cgacgacgac aagtgactcg agttaattaa

<210> SEQ ID NO 65

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 65

cegeegtget ggacgtggtyg

<210> SEQ ID NO 66

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 66

ggtggcgggg tccagggtgt

<210> SEQ ID NO 67

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 67

cggeeggegy ctecttcaac

<210> SEQ ID NO 68

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 68
ggegcteeeyg taggtcegggt
<210> SEQ ID NO 69
<211> LENGTH: 1335
<212> TYPE: DNA

<213> ORGANISM: Chlorella sorokiniana

<400> SEQUENCE: 69

1240

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

20

cgectgcaac gcaagggcag ccacagecge tcccaccege cgctgaaccg acacgtgett 60

gggcegectge cgectgectg cegecatgett gtgetggtga ggetgggeag tgetgecatg 120

ctgattgagg cttggttcat cgggtggaag cttatgtgtg tgetgggett gecatgecggg 180

caatgcgcat ggtggcaaga gggcggcage acttgetgga getgeegegg tgectcecagg 240
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tggttcaatce gcggcagcca gagggattte agatgatcge gegtacaggt tgagcagcag 300
tgtcagcaaa ggtagcagtt tgccagaatg atcggttcag ctgttaatca atgccagcaa 360
gagaaggggt caagtgcaaa cacgggcatg ccacagcacg ggcaccgggg agtggaatgg 420
caccaccaag tgtgtgcgag ccagcatcge cgectggetyg tttcagctac aacggcagga 480
gtcatccaac gtaaccatga gctgatcaac actgcaatca tcgggegggce gtgatgcaag 540
catgectgge gaagacacat ggtgtgegga tgetgcecgge tgctgectge tgcgcacgece 600
gttgagttgyg cagcaggctc agccatgcac tggatggcag ctgggcetgec actgcaatgt 660
ggtggatagyg atgcaagtgg agcgaatacc aaaccctctg getgettget gggttgcatg 720
gcatcgcace atcagcagga gcgcatgcga agggactgge cecatgcacg ccatgccaaa 780
ccggagegea ccgagtgtcece acactgtcac caggcccgea agetttgcag aaccatgete 840
atggacgcat gtagcgctga cgtcccttga cggegctect ctegggtgtyg ggaaacgcaa 900
tgcagcacag gcagcagagg cggcggcage agagceggegyg cagcagceggce gggggecace 960
cttecttgegg ggtcecgcgece cagccagcgg tgatgcgetg atcccaaacg agttcacatt 1020
catttgcatg cctggagaag cgaggctggg gcctttggge tggtgcagcce cgcaatggaa 1080
tgcgggaccg ccaggctagce agcaaaggcg cctecccctac teccgcatcga tgttccatag 1140
tgcattggac tgcatttggg tggggcggcce ggctgtttet ttegtgttge aaaacgcgcece 1200
agctcagcaa cctgtccegt gggtceccceg tgccgatgaa atcgtgtgca cgccgatcag 1260
ctgattgccce ggctegcgaa gtaggcgcece tceetttetge tecgcecctcete tecgtceccege 1320
cactagtggce gcgcce 1335
<210> SEQ ID NO 70
<211> LENGTH: 1146
<212> TYPE: DNA
<213> ORGANISM: Umbellularia californica
<400> SEQUENCE: 70
atggccacca ccagectgge cteccegectte tgetccatga aggccgtgat getggeccge 60
gacggccegeyg gcatgaagece ccgcagetcece gacctgeage tgcgegecgg caacgceccece 120
acctecectga agatgatcaa cggcaccaag ttcagctaca ccgagagect gaagegectg 180
ccegactggt ccatgetgtt cgccgtgate accaccatcet tcagegcecege cgagaagcag 240
tggaccaacc tggagtggaa gcccaagecce aagcetgceccee agetgctgga cgaccactte 300
ggectgcacyg gectggtgtt ccgecgcace ttegecatce getcctacga ggtgggecce 360
gaccgcagea cctecatcct ggcegtgatg aaccacatge aggaggcecac cctgaaccac 420
gccaagageyg tgggcatcct gggegacgge tteggcacca cectggagat gtccaagege 480
gacctgatgt gggtggtgeg ccgcacccac gtggeegtgg agegctaccce cacctgggge 540
gacaccgtygyg aggtggagtg ctggatcgge gecageggca acaacggcat gegecgcgac 600
ttectggtge gegactgcaa gaccggegag atcctgaccee getgcaccte cctgagegtyg 660
ctgatgaaca cccgcaccceg ccgcectgage accatcceeyg acgaggtgeyg cggcgagatce 720
ggecccgect tcatcgacaa cgtggecgtg aaggacgacg agatcaagaa gctgcagaag 780
ctgaacgact ccaccgccga ctacatccag ggeggcectga ccccccgetyg gaacgacctyg 840
gacgtgaacc agcacgtgaa caacctgaag tacgtggect gggtgttega gaccgtgecce 900
gacagcatct tcgagtccca ccacatcage tecttcacce tggagtaccg cegegagtge 960
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216

acccgegact cegtgetgeg cagectgace accgtgageg geggcagete cgaggecgge

ctggtgtgeg accacctget geagetggag ggeggcageg aggtgetgeg cgeccgcace

gagtggcgee ccaagctgac cgactectte cgeggcatca gegtgatccce cgecgagecc

cgcgtg

<210> SEQ ID NO 71
<211> LENGTH: 1146

<212> TYPE:

DNA

<213> ORGANISM: Cinnamomum camphora

<400> SEQUENCE: 71

atggccacca

gacggccgcg

acctcectga

ccecgactggt

tggaccaacc

ggcccccacy

gaccgeteca

gccaagtecyg

gacctgatcet

gacaccgtygg

ttcectggtge

atgatgaaca

ggccecegect

ctgaacgact

gacatcaacc

gacagcatct

accatggaca

ctggtgtgcg

gagtggcgcee

agcgtg

cctecetgge

gcatgaagce

agatgatcaa

ccatgetgtt

tggagtggaa

gectggtgtt

ccagcategt

tgggcatcct

gggtggtgaa

aggtggagtg

gcgactgcaa

ccegeaceeyg

tcatcgacaa

ccaccgecga

agcacgtgaa

tcgagageca

gegtgetgea

agcacctget

ccaagctgac

<210> SEQ ID NO 72
<211> LENGTH: 72

<212> TYPE:

DNA

ctcegectte

cecgetecage

cggcaccaag

cgcegtgate

gcccaagece

cegecgeaca

ggccgtgatg

dggcgacggce

gegeacccac

ctgggtggge

gaccggcgag

cegectgage

cgtggcegtg

ctacatccag

caacatcaag

ccacatctcece

gtcectgace

gcagctggag

cgactectte

tgcagcatga

gacctgcage

ttctcctaca

accaccatct

aacccecececece

ttcgccatee

aaccacctge

ttcggcacca

gtggecegtgg

gecteeggea

atcctgacce

aagatcceeg

aaggacgagg

ggcggcctga

tacgtggact

tccttcacca

accgtgageg

dgcggeageyg

cgcggeatca

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

<400> SEQUENCE: 72

aggccgtgat

tgcgegeegg

ccgagagect

tctecgecge

agctgetgga

gcagctacga

aggaggccgc

ccctggagat

agcgctacce

acaacggecg

getgcaccte

aggaggtgcg

agatcaagaa

ccececegety

ggatcctgga

tcgagtaccy

geggetecte

aggtgctgcg

gegtgatcce

atggactaca aggaccacga cggcgactac aaggaccacg acatcgacta caaggacgac

gacgacaagt

ga

<210> SEQ ID NO 73
<211> LENGTH: 408

<212> TYPE:

DNA

<213> ORGANISM: Chlorella vulgaris

<400> SEQUENCE: 73

1020

1080

1140

1146

gctggeccge 60
caacgcccag 120
gaagaagctg 180
cgagaagcag 240
cgaccacttce 300
ggtgggcccece 360
cctgaaccac 420
gtccaagcgce 480
cgeetggggce 540
ccgecacgac 600
cctgagegtyg 660
cggcgagatc 720
gccccagaag 780
gaacgacctg 840
gaccgtgccece 900
ccgecgagtge 960
cgaggcceggce 1020
cgccaagacce 1080
cgcecgagtece 1140
1146

Synthetic

60

72



US 9,464,304 B2

217

-continued

218

ctcgaggcag cagcagceteg gatagtateg acacactcetg gacgetggte gtgtgatgga 60

ctgttgecege cacacttget gecttgacct gtgaatatee ctgecgettt tatcaaacag 120

cctcagtgtg tttgatcttg tgtgtacgcg cttttgcgag ttgctagctg cttgtgctat 180

ttgcgaatac

aacttatcta

cacccccage atccecttee ctegttteat ategettgea tceccaaccge 240

cgctgtectg ctatcecteca gegetgetee tgctectget cactgeccecet 300

cgcacagect tggtttggge tcegectgta ttetectggt actgcaacct gtaaaccage 360

actgcaatge tgatgcacgg gaagtagtgg gatgggaaca caaatgga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 74

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 74

ctgggegacy gctteggeac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 75

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 75

aagtcgegge gcatgeegtt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 76

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 76

tacccegect ggggcegacac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 77

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 77

cttgctcagg cggegggtge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 78

LENGTH: 1317

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

SEQUENCE: 78

408

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

atggtggeeg ccgeegecte cagegectte tteccegtge cegececegg cgectcecccce 60
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-continued
aagcccggca agttcggcaa ctggccctece agectgagec cctecttcaa gcccaagtcece 120
atcceccaacg gecggcttcca ggtgaaggcc aacgacagcg cccaccccaa ggccaacggce 180
tccgeegtga gectgaagag cggcagcectg aacacccagg aggacacctce ctccageccce 240
cccececcgea ccttectgeca ccagetgcee gactggagec gectgctgac cgccatcacce 300
accgtgttceg tgaagtccaa gcgccccgac atgcacgacce gcaagtccaa gcgccccgac 360
atgctggtgg acagcttcgg cctggagtcc accgtgcagg acggcctggt gttecgecag 420
tecctteteca tecegectecta cgagatcgge accgaccgca ccgccagcat cgagacccetg 480
atgaaccacc tgcaggagac ctccctgaac cactgcaaga gcaccggcat cctgetggac 540
ggcttcggee gcaccctgga gatgtgcaag cgegacctga tctgggtggt gatcaagatg 600
cagatcaagg tgaaccgcta ccccgectgg ggcgacaccg tggagatcaa cacccgcettce 660
agccgectgg gcaagatcgg catgggccge gactggetga tctccgactyg caacaccggce 720
gagatcctgg tgcgegccac cagcgcectac gecatgatga accagaagac ccgccgectg 780
tccaagctge cctacgaggt gcaccaggag atcgtgcccce tgttcegtgga cageccegtg 840
atcgaggact ccgacctgaa ggtgcacaag ttcaaggtga agaccggcga cagcatccag 900
aagggcctga cccccecggetg gaacgacctg gacgtgaacc agcacgtgtc caacgtgaag 960

tacatcggct ggatcctgga gagcatgcce accgaggtgce tggagaccca ggagctgtgce 1020

tcecectggece tggagtaceg cegegagtge ggecgegact cegtgetgga gagegtgace 1080

gecatggace ccagcaaggt gggegtgege tcccagtace agcacctget gegectggag 1140

gacggcaccg ccatcgtgaa cggegecacce gagtggcegee ccaagaacgce cggegecaac 1200

ggcgccatcet ccaccggcaa gaccagcaac ggcaactceg tgtccatgga ctacaaggac 1260

cacgacggeg actacaagga ccacgacatc gactacaagg acgacgacga caagtga 1317

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 79

LENGTH: 1170

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 79

atggccaccg catccacttt cteggegtte aatgeceget geggegacct gegtegeteg 60
gegggeteeyg ggecceggeg cecagegagyg ccccteeceg tgegegggeyg cgeccagetg 120
ccecgactgga gecgectget gaccgecate accaccgtgt tegtgaagte caagegeccce 180
gacatgcacg accgcaagtc caagcgcccce gacatgetgg tggacagett cggectggag 240
tccacegtge aggacggect ggtgtteege cagtecttet cecatcegete ctacgagatce 300
ggcaccgace gcaccgcecag catcgagace ctgatgaacce acctgcagga gaccteectg 360
aaccactgca agagcaccgg catcctgetg gacggetteg gecgcacect ggagatgtge 420
aagcgcgace tgatctgggt ggtgatcaag atgcagatca aggtgaaccg ctaccccegec 480
tggggcgaca ccgtggagat caacaccege ttecagecgece tgggcaagat cggcatggge 540
cgcgactgge tgatctecga ctgcaacace ggegagatece tggtgegege caccagegec 600
tacgccatga tgaaccagaa gacccgecge ctgtecaage tgcectacga ggtgcaccag 660
gagatcgtge ccctgttegt ggacagecce gtgatcgagg actccgacct gaaggtgeac 720

aagttcaagg tgaagaccgg cgacagcatce cagaagggec tgaccecegg ctggaacgac 780
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ctggacgtga accagcacgt gtccaacgtg aagtacatcg gctggatcct ggagagcatg 840
cccaccgagg tgctggagac ccaggagctg tgctcectgg ccctggagta ccgecgegag 900
tgcggecgeg actcegtget ggagagegtg accgccatgg accccagcaa ggtgggegtg 960

cgcteccagt accagcacct getgegectyg gaggacggea cegecategt gaacggegece 1020

accgagtgge gccccaagaa cgccggegece aacggcegeca tcetecaccgyg caagaccage 1080
aacggcaact ccgtgtccat ggactacaag gaccacgacyg gcgactacaa ggaccacgac 1140
atcgactaca aggacgacga cgacaagtga 1170

<210> SEQ ID NO 80

<211> LENGTH: 1170

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 80

atggctatca agacgaacag gcagectgtg gagaagecte cgttcacgat cgggacgetg 60
cgcaaggeca tcccegegea ctgtttegag cgeteggege ttegtgggeg cgeccagetg 120
ccecgactgga gecgectget gaccgecate accaccgtgt tegtgaagte caagegeccce 180
gacatgcacg accgcaagtc caagcgcccce gacatgetgg tggacagett cggectggag 240
tccacegtge aggacggect ggtgtteege cagtecttet cecatcegete ctacgagatce 300
ggcaccgace gcaccgcecag catcgagace ctgatgaacce acctgcagga gaccteectg 360
aaccactgca agagcaccgg catcctgetg gacggetteg gecgcacect ggagatgtge 420
aagcgcgace tgatctgggt ggtgatcaag atgcagatca aggtgaaccg ctaccccegec 480
tggggcgaca ccgtggagat caacaccege ttecagecgece tgggcaagat cggcatggge 540
cgcgactgge tgatctecga ctgcaacace ggegagatece tggtgegege caccagegec 600
tacgccatga tgaaccagaa gacccgecge ctgtecaage tgcectacga ggtgcaccag 660
gagatcgtge ccctgttegt ggacagecce gtgatcgagg actccgacct gaaggtgeac 720
aagttcaagg tgaagaccgg cgacagcatce cagaagggec tgaccecegg ctggaacgac 780
ctggacgtga accagcacgt gtccaacgtg aagtacateg getggatect ggagagcatg 840
cccaccgagyg tgctggagac ccaggagetyg tgetecetgg cectggagta ccgecgegag 900
tgcggecgeg actcegtget ggagagegtyg accgecatgg accecagcaa ggtgggegtg 960

cgcteccagt accagcacct getgegectyg gaggacggea cegecategt gaacggegece 1020

accgagtgge gccccaagaa cgccggegece aacggcegeca tcetecaccgyg caagaccage 1080
aacggcaact ccgtgtccat ggactacaag gaccacgacyg gcgactacaa ggaccacgac 1140
atcgactaca aggacgacga cgacaagtga 1170

<210> SEQ ID NO 81

<211> LENGTH: 1167

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 81
atgacgttcg gggtegeect ceeggecatyg ggecgeggtg teteccttee ceggeccagg 60

gtegeggtge gegeccagte ggcgagtcag gttttggaga gegggegege ccagetgecc 120
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-continued
gactggagce gcctgctgac cgccatcacc accgtgtteg tgaagtccaa gcgccccgac 180
atgcacgacc gcaagtccaa gcgccccgac atgectggtgg acagettegg cctggagtcece 240
accgtgcagg acggcctggt gttcecgccag tcctteteca tcecgectecta cgagatcgge 300
accgaccgca ccgccagcat cgagaccctyg atgaaccacce tgcaggagac ctccctgaac 360
cactgcaaga gcaccggcat cctgctggac ggctteggec gcaccctgga gatgtgcaag 420
cgcgacctga tctgggtggt gatcaagatg cagatcaagg tgaaccgcta cccegectgg 480
ggcgacaccg tggagatcaa cacccgcttc agccgectgg gcaagatcgg catgggecge 540
gactggctga tctecgactg caacaccggc gagatcctgg tgegcgccac cagcgectac 600
gccatgatga accagaagac ccgccgectg tccaagctge cctacgaggt gcaccaggag 660
atcgtgccce tgttegtgga cagcccegtg atcgaggact ccgacctgaa ggtgcacaag 720
ttcaaggtga agaccggcga cagcatccag aagggcctga cccccggcetyg gaacgacctg 780
gacgtgaacc agcacgtgtc caacgtgaag tacatcggct ggatcctgga gagcatgccc 840
accgaggtgc tggagaccca ggagctgtge tcecctggece tggagtaccg ccgcgagtgce 900
ggccgcegact ccgtgctgga gagcgtgacce gecatggacce ccagcaaggt gggcgtgege 960

tcccagtace agcacctget gegectggag gacggcaceg ccatcgtgaa cggegecace 1020

gagtggcegee ccaagaacgce cggcgcecaac ggcgcecatcet ccaccggcaa gaccagcaac 1080
ggcaactceyg tgtccatgga ctacaaggac cacgacggceg actacaagga ccacgacatce 1140
gactacaagg acgacgacga caagtga 1167
<210> SEQ ID NO 82

<211> LENGTH: 1149

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

<400>

polynucleotide

SEQUENCE: 82

atgacgttcg gggtegeect ceeggecatyg ggecgeggtg teteccttee ceggeccagg 60

gtegeggtge gegeccagte ggcgagtcag gttttggaga gegggegege ccecgactgg 120

tccatgetgt tegeegtgat caccaccate ttecagegeeg cegagaagca gtggaccaac 180
ctggagtgga agcccaagec caagetgece cagetgetgg acgaccactt cggectgeac 240
ggcecetggtgt tcecegecgecac cttegecate cgetectacg aggtgggecce cgaccgeage 300
acctccatce tggcegtgat gaaccacatg caggaggcca cectgaacca cgccaagage 360
gtgggcatce tgggegacgg ctteggcace accctggaga tgtccaageyg cgacctgatg 420
tgggtggtge gecgeaccca cgtggecgtyg gagegctace ccacctgggg cgacaccegtg 480
gaggtggagt gctggatcgg cgccagegge aacaacggca tgegecgega ctteetggtg 540
cgcgactgca agaccggega gatcctgace cgetgecaccet cectgagegt getgatgaac 600
acccgeacce gecgectgag caccatcece gacgaggtge geggegagat cggecccegec 660
ttcatcgaca acgtggecgt gaaggacgac gagatcaaga agctgcagaa gctgaacgac 720
tccaccgeeg actacatcca gggeggectyg accccceget ggaacgacct ggacgtgaac 780
cagcacgtga acaacctgaa gtacgtggee tgggtgtteg agaccgtgece cgacagcatce 840
ttcgagtcce accacatcag ctecttecace ctggagtace gecgegagtyg cacccegegac 900

tcegtgetge gecagectgac caccgtgage ggeggeaget cegaggeegg cctggtgtge 960
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gaccacctge tgcagetgga gggeggcage gaggtgctge gegeccgeac cgagtggege
cccaagetga ccgactectt cegeggeate agegtgatece cegecgagee ccgegtgatg
gactacaagg accacgacgg cgactacaag gaccacgaca tcgactacaa ggacgacgac
gacaagtga

<210> SEQ ID NO 83

<211> LENGTH: 1146

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

1020

1080

1140

1149

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 83
atggctteeg cggcattcac catgteggeg tgecccgega tgactggeag ggeccctggg
gecacgteget ccggacggee agtegecace cgectgaggg ggegegecce cgactggtec
atgctgtteg ccgtgatcac caccatctte agegecgeeg agaagcagtyg gaccaacctg
gagtggaagc ccaagcccaa gctgccccag ctgctggacg accacttegyg cctgecacgge
ctggtgttee geccgeacctt cgecateege tectacgagg tgggeccega ccgcagcace
tccatectgyg cegtgatgaa ccacatgeag gaggecaccece tgaaccacge caagagegtg
ggcatcctgg gegacggett cggcaccace ctggagatgt ccaagcegega cctgatgtgg
gtggtgcgee gcacccacgt ggcegtggag cgctacccca cctggggega caccgtggag
gtggagtgct ggatcggege cageggcaac aacggcatge gecgegactt cctggtgege
gactgcaaga ccggcgagat cctgaccege tgcacctceee tgagegtget gatgaacacc
cgcaccegee gectgageac catccecgac gaggtgegeg gegagategg ccccgectte
atcgacaacyg tggccgtgaa ggacgacgag atcaagaagce tgcagaagcet gaacgactcce
accgccgact acatccaggg cggectgace ccecgetgga acgacctgga cgtgaaccag
cacgtgaaca acctgaagta cgtggectgg gtgttegaga cegtgecega cagcatctte
gagtcccace acatcagcete cttcaccctyg gagtaccgee gegagtgcac ccgegactec
gtgctgegea gectgaccac cgtgagegge ggcagetceeg aggecggect ggtgtgegac
cacctgetge agetggaggg cggcagegag gtgetgegeg cecgcacega gtggegeccce
aagctgaccyg actcctteeg cggcatcage gtgatcecceg cegagececeg cgtgatggac
tacaaggacc acgacggcga ctacaaggac cacgacateg actacaagga cgacgacgac
aagtga
<210> SEQ ID NO 84
<211> LENGTH: 1155
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1146

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 84
atggccaccg catccacttt cteggegtte aatgeceget geggegacct gegtegeteg
gegggeteeyg ggecceggeg ccecagegagyg cccctecceg tgegegggeyg cgeccccgac
tggtccatge tgttegeegt gatcaccace atcttcageg cegecgagaa gcagtggace

aacctggagt ggaagcccaa geccaagetg ccccagetge tggacgacca ctteggectg

60

120

180

240
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cacggectgg tgttecgecg caccttegee atccgcetect acgaggtggyg ccccgaccge 300
agcacctcca tcctggecgt gatgaaccac atgcaggagyg ccaccctgaa ccacgccaag 360
agcgtgggea tcctgggega cggcttegge accaccctgg agatgtccaa gcegegacctg 420
atgtgggtgg tgcgecgcac ccacgtggece gtggageget accccacctyg gggcgacace 480
gtggaggtygyg agtgctggat cggegecage ggcaacaacg geatgegecg cgacttectg 540
gtgcgcegact gcaagaccgg cgagatcctg acccegetgea cctecctgag cgtgetgatg 600
aacacccgca cccgecgect gagcaccate cecgacgagyg tgcgeggega gatcggecce 660
gecttcateg acaacgtgge cgtgaaggac gacgagatca agaagctgca gaagctgaac 720
gactccaceyg ccgactacat ccagggcgge ctgaccccce getggaacga cctggacgtg 780
aaccagcacg tgaacaacct gaagtacgtg gectgggtgt tegagaccegt gcccgacage 840
atcttcgagt cccaccacat cagctcectte accctggagt accgccgega gtgcacccge 900
gactcegtyge tgcgcagect gaccaccgtg agceggeggca getccgagge cggectggtyg 960
tgcgaccace tgctgcagcet ggagggegge agegaggtge tgegegecceyg caccgagtgg 1020
cgececaage tgaccgacte cttcecgegge atcagegtga tecccgecga gceccegegtyg 1080
atggactaca aggaccacga cggcgactac aaggaccacyg acatcgacta caaggacgac 1140
gacgacaagt gatga 1155
<210> SEQ ID NO 85
<211> LENGTH: 1152
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 85
atggctatca agacgaacag gcagcctgtg gagaagcecte cgttcacgat cgggacgcetg 60
cgcaaggcca tcceegegea ctgtttegag cgeteggege ttegtgggeyg cgcccccgac 120
tggteccatge tgttegecegt gatcaccacce atcttcageg cegecgagaa gcagtggace 180
aacctggagt ggaagcccaa gcccaagetg ceccagetge tggacgacca ctteggectg 240
cacggectgg tgttecgecg caccttegee atccgcetect acgaggtggyg ccccgaccge 300
agcacctcca tcctggecgt gatgaaccac atgcaggagyg ccaccctgaa ccacgccaag 360
agcgtgggea tcctgggega cggcttegge accaccctgg agatgtccaa gcegegacctg 420
atgtgggtgg tgcgecgcac ccacgtggece gtggageget accccacctyg gggcgacace 480
gtggaggtygyg agtgctggat cggegecage ggcaacaacg geatgegecg cgacttectg 540
gtgcgcegact gcaagaccgg cgagatcctg acccegetgea cctecctgag cgtgetgatg 600
aacacccgca cccgecgect gagcaccate cecgacgagyg tgcgeggega gatcggecce 660
gecttcateg acaacgtgge cgtgaaggac gacgagatca agaagctgca gaagctgaac 720
gactccaceyg ccgactacat ccagggcgge ctgaccccce getggaacga cctggacgtg 780
aaccagcacg tgaacaacct gaagtacgtg gectgggtgt tegagaccegt gcccgacage 840
atcttcgagt cccaccacat cagctcectte accctggagt accgccgega gtgcacccge 900
gactcegtyge tgcgcagect gaccaccgtg agceggeggca getccgagge cggectggtyg 960
tgcgaccace tgctgcagcet ggagggegge agegaggtge tgegegecceyg caccgagtgg 1020
cgececaage tgaccgacte cttcecgegge atcagegtga tecccgecga gceccegegtyg 1080
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atggactaca aggaccacga cggcgactac aaggaccacg acatcgacta caaggacgac 1140

gacgacaagt ga 1152

<210> SEQ ID NO 86

<211> LENGTH: 1155

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 86

atggccaccg catccacttt cteggegtte aatgeceget geggegacct gegtegeteg 60

gegggeteeyg ggecceggeg ccecagegagyg cccctecceg tgegegggeyg cgeccccgac 120

tggtccatge tgttegeegt gatcaccace atcttcteeg cegecgagaa gcagtggace 180

aacctggagt ggaagcccaa geccaacccee ccccagetge tggacgacca ctteggeccce 240

cacggectgyg tgtteegeeg caccttegee atccgeaget acgaggtggg ccccgaccege 300

tccaccagca tegtggeegt gatgaaccac ctgcaggagg cegecctgaa ccacgccaag 360

tcegtgggea tectgggega cggettegge accaccetgg agatgtccaa gegegacctg 420

atctgggtgg tgaagegcac ccacgtggece gtggageget accecgectyg gggcgacace 480

gtggaggtgg agtgctgggt gggegectce ggcaacaacg gecgecgeca cgacttectg 540

gtgcgegact gcaagaccgg cgagatcctyg acccgetgea cctecctgag cgtgatgatg 600

aacacccgca ccegecgect gagcaagate ccegaggagg tgcgeggega gatceggeccce 660

gecttecateg acaacgtgge cgtgaaggac gaggagatca agaagcccca gaagcetgaac 720

gactccaccg ccgactacat ccagggegge ctgaccccee getggaacga cctggacatc 780

aaccagcacg tgaacaacat caagtacgtg gactggatcce tggagacegt geccgacage 840

atcttcgaga gccaccacat ctectectte accatcgagt accgeegega gtgcaccatg 900

gacagcegtge tgcagtccct gaccaccgtyg ageggegget cctecgagge cggectggtyg 960

tgcgagcace tgctgecaget ggagggegge agegaggtge tgegegecaa gaccgagtgg 1020

cgeccccaage tgaccgacte ctteegegge atcagegtga tececgeega gtcecagegtg 1080

atggactaca aggaccacga cggcgactac aaggaccacyg acatcgacta caaggacgac 1140

gacgacaagt gatga 1155

<210> SEQ ID NO 87

<211> LENGTH: 1893

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 87

gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggcetg cgagacgget 60

tceeggeget gcatgcaaca ccgatgatge ttegaccecee cgaagctect tceggggetge 120

atgggcgete cgatgecget ccagggegag cgetgtttaa atagccagge ccccgattge 180

aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 240

cacaggccac tcgagettgt gatcgcacte cgectaagggyg gegectette ctettegttt 300

cagtcacaac ccgcaaacac tagtatggec accgcatcca ctttetcegge gttcaatgece 360

cgctgeggeg acctgegteg cteggeggge teegggecee ggegeccage gaggeccecte 420
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-continued
cecegtgegeg ggegegecce cgactggtee atgetgtteg cegtgatcac caccatctte 480
tccgecgeeg agaagcagtg gaccaacctg gagtggaage ccaagcccaa ccccccccag 540
ctgctggacg accacttcgg cccccacgge ctggtgttee gecgcacctt cgccatccge 600
agctacgagg tgggccccga ccgctccacce agcatcgtgg ccegtgatgaa ccacctgcag 660
gaggccgecee tgaaccacgce caagtcegtg ggecatcctgg gegacggett cggcaccacc 720
ctggagatgt ccaagcgcga cctgatctgg gtggtgaage gcacccacgt ggccgtggag 780

cgctacceeg cctggggega caccgtggag gtggagtget gggtgggege ctecggcaac 840

aacggccgece gccacgactt cctggtgege gactgcaaga ceggegagat cctgaccege 900

tgcacctece tgagegtgat gatgaacace cgcaccegec gectgagcaa gatccccegag 960

gaggtgcgeg gcgagatcgg cecegectte atcgacaacg tggecgtgaa ggacgaggag 1020

atcaagaagc cccagaagct gaacgactce accgecgact acatccaggg cggcectgace 1080

ccecegetgga acgacctgga catcaaccag cacgtgaaca acatcaagta cgtggactgg 1140

atcctggaga ccgtgcccga cagcatctte gagagccacce acatctcecte cttcaccatce 1200

gagtaccgee gcgagtgcac catggacage gtgctgcagt cectgaccac cgtgagegge 1260

ggctecteeyg aggceggect ggtgtgegag cacctgetge agetggaggyg cggcagegag 1320

gtgctgegeg ccaagaccga gtggegecce aagctgaceg actecttecg cggeatcage 1380

gtgatcceeg ccgagtecag cgtgatggac tacaaggacce acgacggcega ctacaaggac 1440

cacgacatcg actacaagga cgacgacgac aagtgatgac tegaggcage agcagcetegg 1500

atagtatcga cacactctgg acgctggtcg tgtgatggac tgttgccgec acacttgetg 1560

ccttgacctg tgaatatccce tgccgcetttt atcaaacage ctcagtgtgt ttgatcttgt 1620

gtgtacgcge ttttgcgagt tgctagetge ttgtgctatt tgcgaatacc acccccagca 1680

tceecttece tegtttcata tegettgcat cccaaccgca acttatctac getgtcectge 1740

tatccctecag cgctgctect getectgcecte actgeccecte gecacagectt ggtttggget 1800

ccgcctgtat tectectggta ctgcaacctg taaaccagca ctgcaatgct gatgcacggg 1860

aagtagtggg atgggaacac aaatggaaag ctt 1893

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 88

LENGTH: 1887

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 88

gaattccttt cttgegetat gacacttcca gcaaaaggta gggcegggetyg cgagacgget 60
tcceggeget geatgecaaca ccgatgatge ttegacccee cgaagetect teggggetge 120
atgggcgete cgatgecget ccagggegag cgetgtttaa atagecagge ccccgattge 180
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 240
cacaggccac tcgagettgt gatcgeacte cgetaagggg gegectcette ctettegttt 300
cagtcacaac ccgcaaacac tagtatgget tcegeggeat tcaccatgte ggegtgeccce 360
gegatgactyg gcagggcecee tggggcacgt cgctccggac ggccagtege caccegectg 420
agggggcgeg cccccgactg gtecatgetyg ttegecgtga tcaccaccat cttetecegece 480

geccgagaage agtggaccaa cctggagtgg aagcccaage ccaacccccce ccagetgetg 540
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gacgaccact tcggecccca cggectggtg ttecegecgea ccttegecat cegeagetac 600
gaggtgggee ccgaccgcte caccagcatce gtggecgtga tgaaccacct gcaggaggec 660
geectgaace acgccaagte cgtgggcatce ctgggegacg getteggecac caccctggag 720
atgtccaage gcgacctgat ctgggtggtg aagcgcacce acgtggccegt ggagegcetac 780
ccegectggg gcegacaccegt ggaggtggag tgetgggtgyg gegectceegyg caacaacgge 840
cgecgecacg acttectggt gegcgactge aagaccggeyg agatcctgac ccgetgcace 900
tcectgageg tgatgatgaa cacccgecacce cgecgectga gcaagatccee cgaggaggtyg 960
cgeggegaga tceggeccege cttcatcgac aacgtggecyg tgaaggacga ggagatcaag 1020
aagccccaga agctgaacga ctccaccgece gactacatee agggcggect gaccccccge 1080
tggaacgacc tggacatcaa ccagcacgtg aacaacatca agtacgtgga ctggatcctg 1140
gagaccgtge ccgacagcat cttcgagagce caccacatct cctecttcac catcgagtac 1200
cgecgegagt gcaccatgga cagcgtgetg cagtccectga ccaccgtgag cggeggetcece 1260
tcegaggeeyg gectggtgtyg cgagcacctyg ctgcagetgyg agggcggcayg cgaggtgcetg 1320
cgegecaaga ccgagtggceg ccccaagetg accgactect tecgeggeat cagegtgate 1380
ccegecgagt ccagegtgat ggactacaag gaccacgacyg gcgactacaa ggaccacgac 1440
atcgactaca aggacgacga cgacaagtga tgactcgagg cagcagcagce tcggatagta 1500
tcgacacact ctggacgctg gtegtgtgat ggactgttge cgccacactt getgecttga 1560
cctgtgaata tccctgcege ttttatcaaa cagectcagt gtgtttgatce ttgtgtgtac 1620
gcgettttge gagttgctag ctgcttgtge tatttgcgaa taccaccccce agcatccect 1680
tcectegttt catatcgett gcatcccaac cgcaacttat ctacgectgte ctgctatcce 1740
tcagcgetge tectgctect getcactgce cctegcacag cecttggtttg ggctecgect 1800
gtattctect ggtactgcaa cctgtaaacc agcactgcaa tgctgatgca cgggaagtag 1860
tgggatggga acacaaatgg aaagctt 1887
<210> SEQ ID NO 89
<211> LENGTH: 3631
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 89
gaattcegee tgcaacgcaa gggcagccac agccgctcce acccgecget gaaccgacac 60
gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120
gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180
geegggcaat gegecatggtyg gcaagagggce ggcagcactt getggagetg cegeggtgece 240
tccaggtggt tcaatcgegg cagccagagg gatttcagat gatcgcegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgec agaatgatceg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgccac agcacgggca ccggggagtg 420
gaatggcacc accaagtgtg tgcgagccag catcgecgece tggetgtttce agetacaacy 480
gcaggagtca tccaacgtaa ccatgagetg atcaacactg caatcatcgg gegggcegtga 540
tgcaagcatg cctggcgaag acacatggtg tgecggatget gecggetget gectgetgeg 600
cacgeegttyg agttggcage aggctcagece atgcactgga tggcagetgyg gctgecactg 660
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caatgtggtg gataggatgc aagtggagcg aataccaaac cctctggetyg cttgetgggt 720
tgcatggcat cgcaccatca gcaggagcege atgcgaaggyg actggcccca tgcacgcecat 780
gccaaaccygyg agcgcaccga gtgtccacac tgtcaccagg cccgcaaget ttgcagaacce 840
atgctcatgg acgcatgtag cgctgacgte cecttgacgge gctectceteyg ggtgtgggaa 900
acgcaatgca gcacaggcag cagaggceggce ggcagcagag cggcggcage agceggegggg 960
gccaccctte ttgeggggte gcgecccage cagcggtgat gegctgatcce caaacgagtt 1020
cacattcatt tgcatgcctg gagaagcgag gctggggect ttgggctggt gcagceccgca 1080
atggaatgcg ggaccgccag gctagcagca aaggcgcectce ccctactceeg catcgatgtt 1140
ccatagtgca ttggactgca tttgggtggg gcggccggct gtttecttteg tgttgcaaaa 1200
cgcgecaget cagcaacctg tecegtgggt ccecccgtgece gatgaaatcg tgtgcacgcece 1260
gatcagctga ttgcccggct cgcgaagtag gcgccctcecet ttetgctege cctetctecy 1320
tceecgecact agtatgctge tgcaggectt cctgttectg ctggececgget tegecgccaa 1380
gatcagcegee tccatgacga acgagacgtc cgaccgecce ctggtgcact tcacccccaa 1440
caagggctgg gggcgegeca gecaccacgt gtacaagege ctgacccaga gcaccaacac 1500
caagtcccee agegtgaacce agccctacceg caccggcette cacttccage cccccaagaa 1560
ctggatgaac gaccccaacg gccccatgat ctacaagggce atctaccacc tgttctacca 1620
gtggaaccee aagggcgcecg tgtggggcaa catcegtgtgg geccactcca ccagcaccga 1680
cctgatcaac tgggacccce acccccecge catctteeee agegeccect tcgacatcaa 1740
cggetgetgg tcecggecageg ccaccatcect geccaacgge aageccgtga tcectgtacac 1800
cggcatcgac cccaagaacc agcaggtgca gaacatcgec gagceccaaga acctgtccga 1860
ccectaccetyg cgcgagtgga agaagagecce cctgaaccee ctgatggece ccgacgecgt 1920
gaacggcatce aacgcctcca gcttecgega cceccaccace gectggetgg gecaggacaa 1980
gaagtggcge gtgatcatcg gctccaagat ccaccgecge ggectggeca tcacctacac 2040
cagcaaggac ttcctgaagt gggagaagtce cecccgagecce ctgcactacyg acgacggcag 2100
cggcatgtgg gagtgccceg acttcttcecce cgtgaccege ttcecggcagca acggcecgtgga 2160
gacctccage ttecggcgage ccaacgagat cctgaagcac gtgctgaaga tcteccctgga 2220
cgacaccaag cacgactact acaccatcgg cacctacgac cgegtgaagyg acaagttcegt 2280
geecgacaac ggcttcaaga tggacggcac cgccceccge tacgactacg gcaagtacta 2340
cgccagcaag accttetteg actccgecaa gaaccgcecege atcectgtggyg gcetggaccaa 2400
cgagtectee agegtggagg acgacgtgga gaagggcetgyg tcecggcatce agaccatcce 2460
ccgcaagate tggetggacce gcagcggcaa gcagetgate cagtggceceyg tgcgegaggt 2520
ggagcgectyg cgcaccaage aggtgaagaa cctgcgcaac aaggtgctga agtccggeag 2580
ccgectggag gtgtacggeg tgaccgeccge ccaggccgac gtggaggtgce tgttcaaggt 2640
gegegaccty gagaaggcecg acgtgatcga gecctectgg accgacccece agetgatcetg 2700
cagcaagatg aacgtgtccg tgaagtccgg cctgggeccce ttcecggectga tggtgcetggce 2760
cagcaagaac ctggaggagt acacctccgt gtacttceccege atcttcaagg cccgccagaa 2820
cagcaacaag tacgtggtgc tgatgtgctc cgaccagtcce cgcagctcecce tgaaggagga 2880
caacgacaag accacctacg gcgccttegt ggacatcaac ccccaccage ccctgagect 2940
gegegecctyg atcgaccact ccegtggtgga gagcettegge ggcaagggec gegectgeat 3000
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cacctcecge gtgtacccca agcectggccat cggcaagtcecce agccacctgt tegecttcaa 3060
ctacggctac cagtccgtgg acgtgctgaa cctgaacgcce tggagcatga actccgccca 3120
gatcagcatyg gactacaagg accacgacgg cgactacaag gaccacgaca tcgactacaa 3180
ggacgacgac gacaagtgat taattaaccg gctcgaggca gcagcagctc ggatagtatce 3240
gacacactct ggacgctggt cgtgtgatgg actgttgceg ccacacttgce tgccttgacce 3300
tgtgaatatc cctgccgett ttatcaaaca gcctcagtgt gtttgatctt gtgtgtacgce 3360
gcttttgega gttgctagcet gcttgtgecta tttgcgaata ccacccccag catcccctte 3420
cctegtttca tatcgcttge atcccaaccg caacttatcect acgctgtcect gcetatcecte 3480
agcgctgete ctgctcecctge tcactgeccce tcegcacagece ttggtttggg ctecgectgt 3540
attctecetgg tactgcaacc tgtaaaccag cactgcaatg ctgatgcacg ggaagtagtg 3600
ggatgggaac acaaatggaa agcttgagct ¢ 3631
<210> SEQ ID NO 90
<211> LENGTH: 621
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polyp

eptide

<400> SEQUENCE: 90

Met Leu Leu
1

Ile Ser Ala
Phe Thr Pro
35

Arg Leu Thr
50

Tyr Arg Thr
65

Pro Asn Gly

Trp Asn Pro

Thr Ser Thr
115

Pro Ser Ala
130

Ile Leu Pro
145

Lys Asn Gln

Pro Tyr Leu

Pro Asp Ala
195

Thr Ala Trp
210

Lys Ile His
225

Leu Lys Trp

Gln Ala Phe Leu Phe

Ser Met Thr Asn Glu

20

Asn Lys Gly Trp Gly

40

Gln Ser Thr Asn Thr

55

Gly Phe His Phe Gln

70

Pro Met Ile Tyr Lys

85

Lys Gly Ala Val Trp

100

Asp Leu Ile Asn Trp

120

Pro Phe Asp Ile Asn

135

Asn Gly Lys Pro Val
150

Gln Val Gln Asn Ile

165

Arg Glu Trp Lys Lys

180

Val Asn Gly Ile Asn

200

Leu Gly Gln Asp Lys

215

Arg Arg Gly Leu Ala
230

Glu Lys Ser Pro Glu

Leu Leu Ala
10

Thr Ser Asp
25

Arg Ala Ser

Lys Ser Pro

Pro Pro Lys
75

Gly Ile Tyr

Gly Asn Ile
105

Asp Pro His

Gly Cys Trp

Ile Leu Tyr
155

Ala Glu Pro
170

Ser Pro Leu
185

Ala Ser Ser

Lys Trp Arg

Ile Thr Tyr

235

Pro Leu His

Gly Phe Ala
Arg Pro Leu
30

His His Val
45

Ser Val Asn
60

Asn Trp Met

His Leu Phe

Val Trp Ala
110

Pro Pro Ala
125

Ser Gly Ser
140

Thr Gly Ile

Lys Asn Leu

Asn Pro Leu
190

Phe Arg Asp
205

Val Ile Ile
220

Thr Ser Lys

Tyr Asp Asp

Ala Lys
15

Val His

Tyr Lys

Gln Pro

Asn Asp
80

Tyr Gln
95

His Ser

Ile Phe

Ala Thr

Asp Pro

160

Ser Asp
175

Met Ala

Pro Thr

Gly Ser

Asp Phe

240

Gly Ser
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240

Gly

Asn

Ile

305

Phe

Ala

Gly

Trp

Gly

385

Thr

Arg

Leu

Trp

Ser

465

Glu

Ser

Leu

Asn

545

Tyr

Tyr

Asn

Lys

<210>
<211>
<212>
<213>

<400>

Met

Gly

Val

290

Gly

Lys

Ser

Trp

Ser

370

Lys

Lys

Leu

Phe

Thr

450

Gly

Glu

Asn

Lys

Pro

530

Glu

Pro

Gly

Ser

Asp
610

Trp

Val

275

Leu

Thr

Met

Lys

Thr

355

Gly

Gln

Gln

Glu

Lys

435

Asp

Leu

Tyr

Lys

Glu

515

His

Ser

Lys

Tyr

Ala
595

His

Glu

260

Glu

Lys

Tyr

Asp

Thr

340

Asn

Ile

Leu

Val

Val

420

Val

Pro

Gly

Thr

Tyr

500

Asp

Gln

Phe

Leu

Gln

580

Gln

Asp

SEQUENCE :

245

Cys

Thr

Ile

Asp

Gly

325

Phe

Glu

Gln

Ile

Lys

405

Tyr

Arg

Gln

Pro

Ser

485

Val

Asn

Pro

Gly

Ala

565

Ser

Ile

Ile

SEQ ID NO 91
LENGTH:
TYPE: DNA
ORGANISM: Prototheca moriformis

997

91

Pro

Ser

Ser

Arg

310

Thr

Phe

Ser

Thr

Gln

390

Asn

Gly

Asp

Leu

Phe

470

Val

Val

Asp

Leu

Gly

550

Ile

Val

Ser

Asp

250 255

Asp Phe Phe Pro Val Thr Arg Phe Gly
265 270

Ser Phe Gly Glu Pro Asn Glu Ile Leu
280 285

Leu Asp Asp Thr Lys His Asp Tyr Tyr
295 300

Val Lys Asp Lys Phe Val Pro Asp Asn
315

Ala Pro Arg Tyr Asp Tyr Gly Lys Tyr
330 335

Asp Ser Ala Lys Asn Arg Arg Ile Leu
345 350

Ser Ser Val Glu Asp Asp Val Glu Lys
360 365

Ile Pro Arg Lys Ile Trp Leu Asp Arg
375 380

Trp Pro Val Arg Glu Val Glu Arg Leu
395

Leu Arg Asn Lys Val Leu Lys Ser Gly
410 415

Val Thr Ala Ala Gln Ala Asp Val Glu
425 430

Leu Glu Lys Ala Asp Val Ile Glu Pro
440 445

Ile Cys Ser Lys Met Asn Val Ser Val
455 460

Gly Leu Met Val Leu Ala Ser Lys Asn
475

Tyr Phe Arg Ile Phe Lys Ala Arg Gln
490 495

Leu Met Cys Ser Asp Gln Ser Arg Ser
505 510

Lys Thr Thr Tyr Gly Ala Phe Val Asp
520 525

Ser Leu Arg Ala Leu Ile Asp His Ser
535 540

Lys Gly Arg Ala Cys Ile Thr Ser Arg
555

Gly Lys Ser Ser His Leu Phe Ala Phe
570 575

Asp Val Leu Asn Leu Asn Ala Trp Ser
585 590

Met Asp Tyr Lys Asp His Asp Gly Asp
600 605

Tyr Lys Asp Asp Asp Asp Lys
615 620

Ser

Lys

Thr

Gly

320

Tyr

Trp

Gly

Ser

Arg

400

Ser

Val

Ser

Lys

Leu

480

Asn

Ser

Ile

Val

Val

560

Asn

Met

Tyr
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cctgtegate gaagagaagg agacatgtgt acattattgg tgtgagggeyg ctgaatcgge 60
cattttttaa aatgatcacg ctcatgccaa tagacgcgge acataacgac gttcaaacce 120
ccgecaaage cgcggacaac cccatcecte cacacccceece acacaaagaa cccgecaccyg 180
cttaccttge ccacgaggta ggcctttegt tgegcaaaac cggectceggt gatgaatgca 240
tgccegttee tgacgagege tgcccgggece aacacgctet tttgetgegt ctectcagge 300
ttgggggect ccttgggett gggtgecgece atgatctgeg cgcatcagag aaacgttget 360
ggtaaaaagyg agcgcccgge tgcgcaatat atatataggce atgccaacac agcccaacct 420
cactecgggag cccgteccac cacccccaag tegegtgect tgacggcata ctgctgcaga 480
agcttcatga gaatgatgcce gaacaagagg ggcacgagga cccaatccceyg gacatccettg 540
tcgataatga tctegtgagt ccccategte cgeccgacge tecggggage ccgecgatge 600
tcaagacgag agggccectceg accaggaggg getggcecegyg gegggcactyg gegtecgaagg 660
tgcgeccegte gttegectge agtcectatge cacaaaacaa gtcettctgac ggggtgegtt 720
tgctecegtyg cgggcaggca acagaggtat tcaccctggt catggggaga tcggegatcg 780
agctgggata agagatactt ctggcaagca atgacaactt gtcaggaccyg gaccgtgcca 840
tatatttcte acctagcgcce gcaaaaccta acaatttggg agtcactgtg ccactgagtt 900
cgactggtag ctgaatggag tcgctgetcece actaaacgaa ttgtcagcac cgccagecgg 960
ccgaggaccce gagtcatage gagggtagta gcgcegcece 997
<210> SEQ ID NO 92
<211> LENGTH: 753
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 92
actaattgca atcgtgcagt aatcatcgat atggtcacaa gtagatcccce tactgacacce 60
ctctegtaca tgtaggcaat gtcatceggeg cegtectget gaccgatgece gacgtagcag 120
agcagacceg ggccgatetg ggatacgage cggeccteca cctgegeteyg aggtggaatce 180
aagtaaataa ccaatacact tttcgacacc acacagagtt gcacggacgyg tggcgtacct 240
ctacgetege getettcacg cgctggacga cegcacgcat gageccegggt ggettggtet 300
gggctgcaaa aatgcacaac aaacaagtat cagacgctca tggatgcaca cgcegetccca 360
agcacgctca gactaaatat tacagtagcet cgtatctgat aagatatcga gacataccge 420
tcaactcacce cgcaaactgc gccccgecag gtgatgegea cagggcccca ccatgegate 480
catcgecateg ctectegagg gegctatcac gtggecggag agegttcaca gegtacgceca 540
ctgtatctgg geggtatgeg gtccgtcaac atggagacag atacccgcac caccaccttg 600
caagctctte catattggaa gtagaaaatt gtaattgtat catcgcacga ggggccaact 660
tgcegtegge gagetgggceg acgaacacca cctggacgtt gtegagacte getegtgecg 720
tgcgeeggge cgctgggtat ccagaccgte gcee 753
<210> SEQ ID NO 93
<211> LENGTH: 1122
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 93
caacgacaac cagcaggcaa ctcggtcage gacccaacac gcgagtcaaa ttgttgegtg 60
ttettgectt gtctatttac tgtgatagca agactgtegyg tcagtcaata ccgeggtgeg 120
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cacgtegggg tgccaagect agcagagcac gggacggcetyg gtgetgtgeg ccagetcage 180
tegettegeg accaattgta ggaccggcaa agtcaccaaa acatgccage ggtgegatte 240
aattggtcat gagctctaca aaattgtttt gtgcegtegeg caggtatcca acggegegge 300
agagaaagtt tgacagctct cgatttcatc tcggaaaaat ggggagaatt tatgacacac 360
aagtgcgcag gcggeccagg cggccageat attcetggegt gacctgggece gceccacaaaa 420
tgcttggatg cactctaaaa taattatatt tgccatgaac aagggaagag ttaccgcacce 480
cagcectaga cttgggegcece cgagcaaggt tacgtcaage caccttegece catcgeccaa 540
cteegtatte cccgacagcece gecacgtggece ctegecggaa tgaaccctga atcggcatca 600
cgccacgegt tcegecaatceg tteccegetete tggettcate ggectgegee ttcacgtegt 660
ggtcacgaca gtgcattcat acttccattt gcacctegge acacactttt acgcatcgec 720
taccecttget geggcagtcet agggtcactt tgcagccatyg ggacagtget acaccaccgt 780
cggtgegcaa agctatttca agtgaaccgt gggcggaaaa aaggaatgta cactgtctca 840
accgactcct acaattgttt accatgcaga tcagagcteg acggccatca tcgagcaggt 900
gtggggectt ggtggegegyg cgcggggece cagggegteg caggcattga tggcactcetg 960
agactttcge acgcgcatga gggaccccat caagagaaga gtgtgtcttt atgtccccat 1020
tcatgatgat gtatcttgtg attgtcgcag tttggcaagt ttaaccggat cgccgctcca 1080
ggtgtggegt ggcggatttt tctaggggtg cttgagcagt cg 1122
<210> SEQ ID NO 94
<211> LENGTH: 574
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 94
ggeccaggge cctgcggatg gceccacacca gatctagect ctettatgec atgeccgect 60
cgetgecegt cgtatcccce cgeccgatceg cgegtagggyg accgeggect gacccacgece 120
acgaaagagc tttgctecctce aatttctege caacagaacce gtatcaaacyg ctcaacgcect 180
atcccgaaca atccgtattc acaccaaatc gagtataccg gactggtttg cctagtettg 240
aaggaaatga tccegtecat getcggaagg gggagceggge ggaggatcect actcatctet 300
gaaatgggat tggtccgaag atgggttggg caagcacgtg ccaaacccca gcgagttget 360
gacgagcagyg ctcatccaat cccececggega atccteccte acgccccgca tgcatacaag 420
tcecteccac acgeccecte ccatccattt tegectggte cgaacgcgag cggegtegag 480
geggaccact tgcteccgcag cgcegtetgg gtetecacce cacagegget ttgetgecag 540
aggcaccccce cttgeccccac ctectettge agece 574
<210> SEQ ID NO 95
<211> LENGTH: 1096
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 95
ccaggcagge ggtagggttg ccgattgett gagcgaattyg gaagatataa ttttttgtgg 60
tgtcectgga cgctgtttgt ggcgctectt tttggagaag attgcegtggyg ggagetttcee 120
atgtaccacg cttecttetg aaaggattcet ggeccgagtece tgatgagcecce aaagaaaaca 180
cctgecttte agtgetggca ctcectgaaaac gtcaacagat gattatacat gtcacaaaag 240
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gcagccgatt aggaacggga gctctggeceg ttegtttgge tgectggget gattgaagtg 300
atccaccctyg ttcgaatgaa ggcggtegag tcgaattate gaccggaget gtcgggaagg 360
cgtcegggge agagtgaggt getgcggect ggttgtegtt caaaaagacce ccggtagece 420
aacaatcacg aacgaaagga atataattgc ttgcatacta tacattcagt ttctatgtgg 480
cgggtagaca agtctcatgg gettctaaag getgtccectt gaaggctact tataaaaact 540
tgctgegeca tggcacggat cgcgettgeg caggctgcaa ccectgcegege aaggtcaaat 600
acacagcaaa agatactaac agaatttcta aaaacattta aatatttgtt tcgaccagce 660
aattgtggte gtaggcacgc aaaagacttt gttttgcgec caccgagcat ccacgcetgge 720
agtcaagcca gtccgatgtg cattgegtgg cagcatcgag gagcatcaaa aacctegtge 780
acgcttttet gtcaatcatc atcaaccact ccaccatgta tacccgatge atcgeggtge 840
gecagcgegee acgegtccca gacccgecca aaaacccage agcggcgaaa gcaaatctte 900
acttgcccga aaccccgage agcggcatte acacgtggge gaaaacccca cttgecctaa 960
caggcgtatg tctgctgtca cgatgcctga caacggtatt atagatatac actgattaat 1020
gtttgagtgt gtgcgagtcg cgaatcagga atgaattgct agtaggcact ccgaccgggce 1080
gggggccgag ggacca 1096
<210> SEQ ID NO 96
<211> LENGTH: 1075
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 96
ggccgacagyg acgcgegtca aaggtgctgg gegtgtatge cctggtegge aggtegttge 60
tgttgectgeg ctegtggttce cgcaaccctg attttggegt cttattcetgyg cgtggcaage 120
gectgacgeee gegagecggg ccggeggcega tgceggtgtet cacggetgec gagetccaag 180
ggaggcaaga gcgceccggat cagctgaagg getttacacyg caaggtacag ccegetcctge 240
aaggctgegt ggtggacttg aacctgtagg tectetgetyg aagttcectece actacctcac 300
caggcccage agaccaaagc acaggctttt caggtcegtyg tcatccactce taaaacacte 360
gactacgacc tactgatgge cctagattct tcatcaacaa tgcctgagac acttgctcag 420
aattgaaact ccctgaaggg accaccagag gecctgagtt gttecttece ccegtggcega 480
gectgecagee aggcectgtace tgtgatcgag getggeggga aaataggett cgtgtgetca 540
ggtcatggga ggtgcaggac agctcatgaa acgccaacaa tcgcacaatt catgtcaagce 600
taatcagcta tttectette acgagetgta attgtcccaa aattctggte taccgggggt 660
gatccttegt gtacgggcece ttcectcaac cctaggtatg cgegcatgeg gtegecgege 720
aactcgegeg agggecgagg gtttgggacg ggecgtceceyg aaatgcagtt gcacccggat 780
gegeggegee tttettgega taatttatge aatggactge tcetgcaaatt tetgggtetg 840
tcgecaacce taggatcage ggcgtaggat ttegtaatca ttegtcectga tggggagceta 900
ccgactacce taatatcage ccggcetgect gacgccageg tccacttttyg cgtacacatt 960
ccattcgtge ccaagacatt tcattgtggt gcgaagcegtc cccagttacg ctcacctgtt 1020
tcecgaccte cttactgtte tgtcgacaga gcgggcccac aggccggteg cagcec 1075

<210> SEQ ID NO 97
<211> LENGTH: 772

<212> TYPE:

DNA

<213> ORGANISM: Prototheca moriformis
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<400> SEQUENCE: 97
tcaccagcegg acaaagcacc ggtgtatcag gtccgtgtea tccactctaa agagcetcgac 60
tacgacctac tgatggccct agattcttca tcaaaaacge ctgagacact tgcccaggat 120
tgaaactcce tgaagggacc accaggggece ctgagttgtt cctteccecee gtggegaget 180
gecagecagyg ctgtacctgt gatcggggcet ggcgggaaaa caggcttegt gtgetcaggt 240
tatgggaggt gcaggacagc tcattaaacg ccaacaatcg cacaattcat ggcaagctaa 300
tcagttattt cccattaacg agctataatt gtcccaaaat tctggtctac cgggggtgat 360
ccttegtgta cgggecctte cctcaaccct aggtatgege acatgceggte gcecgegcaac 420
gegegegagyg gecgagggtt tgggacggge cgtceccgaaa tgcagttgca cecggatgeg 480
tggcaccttt tttgcgataa tttatgcaat ggactgctet gcaaaattct ggctetgteg 540
ccaaccctag gatcageggt gtaggattte gtaatcatte gtectgatgg ggagctaccyg 600
actgccctag tatcageccg actgcectgac gecagegtece acttttgtge acacattcca 660
ttegtgcecca agacatttca ttgtggtgeg aagegtccee agttacgcetce acctgatcce 720
caacctcctt attgttetgt cgacagagtg ggcccagagyg cceggtcegecag cc 772
<210> SEQ ID NO 98
<211> LENGTH: 991
<212> TYPE: DNA
<213> ORGANISM: Protoheca moriformis
<400> SEQUENCE: 98
cgaaggggte tgcatcgatt cgcgeggtet ggaggccage gtgactgcete gcgaaaatge 60
tctgeegtgt cgggetetgg ctggggegge cagagatcte accgtgccac acgcaactge 120
cgcactetgt gccegecace tggcgegeac atgcgaccte ttecccegtcea taccctetee 180
tcatgtgatce tttccacacg agtgacgcag gtgcgcggag tggagggaat caggacgttt 240
tcaaggtacce tgctecgagcce gtaccaacag ctgccgceceeyg gcaaggaaga gatcgaggca 300
gagattgcee ggctggagge ccggataacg gagctcaaga gcaagctgtce cgagtgagac 360
cgeccaggtyg cacgtgtega ctcgctatga catgtacteg acacaacatg aggaattcat 420
cgaatttgta ggaagcgggce attggtacgg gagtgggaaa gcgaaaaaac ctcectecgg 480
cagtgccate tgccggagtc gaacgttgat agggttcteg tgacagggtyg tgacctctca 540
gecttgcate aattaaacgce tatagacatt atcagtaacc gtgaatcccg cattggatge 600
caccegegeg accattgggg acctgcatta cagatctagg tgagatgaca gcgaggcaac 660
tteggecege ggcccagett geggegeacce aatattggte acgggaagec acacaccgac 720
cataaatgaa tacttgtaag ctatgtcaac cgatcaatgg cgtcgaaagt gtgccacgag 780
gatccatcetyg geggggcegge gtggegcaca agcgcagteg caatttcteg gacccatcetg 840
acctaggccee agcgecgegg gagaaatccece cggegggtece tcecacgcagt aaccctaatg 900
agtatcgagce gccgaccatt tacaccatcg cccccgaaat ccttecgaca ttattattat 960
cttttagatc ttggaacaga ctctgccaac ¢ 991

<210> SEQ ID NO 99
<211> LENGTH: 1347

<212> TYPE:

DNA

<213> ORGANISM: Prototheca moriformis

<400> SEQUENCE: 99
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agagagcgga ggtggggttyg tgaggtgggg ttgctgacca ggagctcegeyg tcegecgageg 60
cgactecgcac acggtccagt tacccceecccece tecgeccaaa cgcaagcecte ccatcttgat 120
gecttteegyg ccacctatac tatttcecttag ttegetgtaa catccagacc gtectgaata 180
ataacaatgc cctgtgtcaa gtgcattcct aaaaaaattce tgtcccaacc aacaatccca 240
cctgaaatac caccagccct geccagtaca ctettccaat accatctece tacctcecacyg 300
cgcaagcgac ccccatgege gaccaggetce gaaagtgatt tatgacttga gacgagcgag 360
tggcggegeg gtcgactgee ttttcatcac gtgeccegtacyg teggcgaccyg ctagggettt 420
gcacggcaac gcacggctte gccaacccga ccagccagga cctcgactac tctaccgega 480
attcgectca agaagtcgcce aaatgtgeca tacaccatte cttacagcac tgttcaaact 540
tgatgccaat tttgacattc gggttgeteg ttggetgege ccacatcgge cgtgagtgca 600
gcaggcggga tceggacacgg aggacgcggce gtcacgecce gaacgcagec cgtaactcta 660
catcaacacg acgtgttgcg taatccecgec cggetgegea tegtgccaac ccattcgcega 720
tggatggteg gaaaatggtg tgccaactge cctgagggag gctctegega aacgggcacyg 780
tcectgaaac cgaaactgtg gecttgtegt cggecacgea agcacgtgga ccctaaacac 840
caagaaaatc agtaaacaag gttgacatcc tctacgggeg aattgtttge ccaaccctte 900
atcgcacact gccattataa tgcatctage tcggcgacaa gtttagaaaa ggcaggctge 960
attgttccat ttcgeccgtgg cggcgtgggt gcccatttta cgaggtttgg getcccecgggce 1020
agcgaccgag ccaggtcgag tccctcetege cegtegacaa tgttgcgaac cccacaagceg 1080
gctaacaaca acttgatggt acctgtacac tgccaattcc ttecttcecccg gccgaggttt 1140
acacgtgatg gccatggcett cgcattcagg ccgacttcecce attccgactt tecagagggt 1200
ccgcggacgce tgggggttgg ctgcctgagg cccaccettt gttcecceccgeg teccgacaaa 1260
cacaattgcg ttacataagg gggagccgcce cccegttcaga gtgcagaaat ctttcactat 1320
attttccagt cgtcagcgaa atcaagt 1347
<210> SEQ ID NO 100
<211> LENGTH: 1180
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 100
gatggtgggy tgtctgcctt gggetgggtg atggaggcetyg gtggtgegeg ggtttectga 60
tgcattctat ctacgcagtg tcatggtgtce cattccacac accagtacac ccttacacta 120
aggatccatce cctecttece tettcaggac tacatggace ccacgagcta ccgaccggge 180
tttctcaaaa acgtcaaggt catgtttgac atgcgggacyg tggtggacga cgtgcaaggt 240
gegtecggayg tgcgegcaaa tgagcaagtc gggcaatgtg teggggtggg caccgggget 300
ggagatccge gatccccgag aaaacgccgt accaccccce gegctattec ctegattgeg 360
cgcagatgtg gtgaccgaca cgggggacaa cctggcggac atggggcegece ggacctggaa 420
gcacgccaag tcgcacacgg ggaggctegt geagteccce ccatcgtacce tcaagggtet 480
ctttggtege gatccaaagt acgctggtgg catggcatge ccgaaatgaa catcatgtgt 540
gatctccegat tgccaatgge cacctccacg gaccaccttg caggcggaag cgcaatccag 600
ggcccgagece tgacgaggac ggagactcect cgtccagege ggggtcecceg acccgacgca 660
gcagccgace cctgctaace cggcaacgat cggaccagca accttgetgt agttccgatce 720
cgtgatgacg ggcattgccg ccgctcegate cgetttgatg actgtctatt atttgegegyg 780
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agcceecteg gaaccctace ccgctettge aagecccttyg catcggagat cctegtgege 840
cegecatgac cccactggat tgcccaacat ccttetttat cgtgtaaaat gtgattecte 900
ggctgcaate gactggcctt cgcttetgge cccaagaggg ctegaacgtg cggcagcegag 960
ggcgcetgaca cacccaagece ctagggettt caacgtegge tgccaggecg gataggggga 1020
tcgectectt tecaccacce acctacgagg gattcgagtce ggcttccage tcagctatte 1080
ggeegegeee ceggecctge agacgtecte cagtttecga acaggteget ctcagaacac 1140
ctgcegegge tgcgatacgg caggctctca aagegtcgac 1180
<210> SEQ ID NO 101
<211> LENGTH: 1263
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 101
cgegtggage ggtgegtgeg gatgcegege gectgccaag gecttttgta tgcctggect 60
gggaagttte ctgactgaag catcttcaag atgctctcte acgaccageg acaccaacac 120
cgtcactttt tgccectect gecgcaggtg ccacttteta ctttgacgte ttctecagge 180
ggtacattge gggactgagce gccaattcgg ccaagaacag cgctgtcgac ttgaggaggce 240
aggggtcegt cgactctgcce gagtgacacg ccttcgacce gactgtacta cggectgetg 300
aagagtgggt ctcgecggcece ggcgtgacceg gecctgtgece cacaatcgac catctatteg 360
ctecttgtea tetggegeceg tcaattgece gegacttgac ggcaactgge tcgatcgagt 420
cgtattgaaa aagcacgttt tgtcctacag ggccgceggte cgttaccaac gtggtteteg 480
ttaggtttte gtcgggeggt ggtgcgegaa ctgtccgatyg ccatcccgge aaaccccage 540
aaggtcgcca gtctggttcet gacgcaatag agtgcegtttt gggccagtcet aaaaattcgt 600
ctggcatgac gtggctccac atcgtaccceg gagectgect tggtaatgtg aggcaccggt 660
gccaactceca ttatggcagg catcgagcege gcaggtgagt acatgacctt cegtgaattg 720
ggaaggcgayg cttgtgtaac gcctgecgatc gtgccagtga ggcatcgtaa actcaaaata 780
ttttgtagaa agtgtctgat gectggtgag getgegtagg gcaagggcaa gcccttggea 840
gatgggtaat gggtccggac ctcacaacag caaccccgeg teccccttag ggeccctgag 900
gectegatgge agggccageg agcccgegge caaagggege catcccacgg tegeccaacyg 960
actccacggg tcctatacct catcttgaat ggcactaaaa actatagaat atcgggcact 1020
ggtgggegte tggggtacag ctggecgage gcagtggcaa accctaggtce cegectcaag 1080
ggcgattcee gggtcaatga cacgcaagca agatcacatg gegceggtecg cctegegget 1140
ccacacccag gccctagttt cgcaacccat aaatatcgcc ccgataccat cataagccag 1200
caaataattt tttatcagag ttccaaacct cctcagcetgt gggaaaccag cccactctga 1260
acg 1263
<210> SEQ ID NO 102
<211> LENGTH: 1400
<212> TYPE: DNA
<213> ORGANISM: Prototheca moriformis
<400> SEQUENCE: 102
ccgagecagtt catggccaag tacaaggact agagaccgga ggtcggtagyg ctgaatggag 60
ctggegtegt cgtgegegac gtgcacgega tgcgatacta cgaccccaca aacgcatgece 120
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tceccatettg atgectttec ggccatttat actatttetce atttecgcectgt aacatcttga 180
ataatagaat tgccctgtgt caagtggatt ccaagaaata ttctgtccca acaaaacaac 240
ccaacctgaa aacaacctca aataccacca gecctgccca cctgeccagt acacttttee 300
aataccatct ccctaccttce acgcgcaage ggcacccatyg cgcgaccagyg ctcgaaagga 360
tttcacgact caggacgagc gagtggegge gegaccgect gectgttegt cacgtgecegt 420
acgtcggcega ccgctagage tttgcctgge aacccccgge ttegtcaacce cggecagcca 480
ggatctcegac cactctaccg cgaaatcgcec tcaagaagtce gecaaaagtg ccgtacacca 540
tgcttegcag cgctgttcaa acttgatgec aatcttgaca atcaggttge tcegttggetg 600
cgtcecacate ggcegtgatt gcagcaggeg gggatcggac acggaggacyg cggcegtcacyg 660
ccgegaacge agceccgtaac tctacatcaa cgegatatgt tgegtaatcee cgcceggetg 720
cgcattgtga caacccattc gcgatggatg gtecggaaaat ggtgtgccaa ctgccctgag 780
ggactctcete gegaaacggg cacgtceectg tatccgaaac tgtggcatgg ccettgtcgac 840
cacgcaagca cgtggaccct aacaccacga aaataagtaa aaaaggttga catcctctac 900
gagcgaattyg tttgctcgac ccttcatcge acactgtcat tataatgcat ctagctcgge 960
gacaagttta aaaaaggcag gctgcattat tccattttgc cgtggcggca tgggtgccca 1020
ttttatgagg tttgggctcect tgggcagcga ccgagccagg ttgagtccct ctegeccgte 1080
gacaacgttc caaagcccat aagtggctaa taaacaactt gatggtacct gtacactgcece 1140
agttccttet tecccecggecg aggtttacac gtgatggceca tggcttcecgeg tttcaggetg 1200
acttcccatt ccgactttec agagggtccg cggacgcecegg gggttggcectg cgtgaggecce 1260
accccttgtt ceccecgegtee cgacaaacac aattgcgtta cataaggggg aagccgcccce 1320
ccgttcagag tgcaaacatc tttcattata tttttcagtc gtcagcgaaa tcaagtatgt 1380
cgctgacagg catgaaggcec 1400
<210> SEQ ID NO 103
<211> LENGTH: 3681
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 103
geectttgte atcgttggea tgctttttge gtatgtacca tatgttgaat gtataatacg 60
aacggttgac cgtctgagat gcgagetttg ggtcecttgtea aatgegtgge cgcacggcete 120
cctegeaccee agecccgagg cgtcegegeac ctggcgagga gcagacccac gccaagaaag 180
tctagtccag catgtaacaa catcaggcaa tgtgacgttt teggttcceg atttetetge 240
cgcetetttga cggcaggcac gggcgagcaa ccggeggege tegegtcagyg cacgatggat 300
geggegetge ccacctgtca atgtacccca ccagtectgte gatcgctaca agcaaccttg 360
tgcteccacat tcccacttge agacagtcta gtegattttyg ccaagctgga tgtgaggatt 420
ggccatatcet tggaggccaa gattcaccceg gatgcetgatg ggtacgtacg cgagccagge 480
aggcagctge gttgactttce tgattggcac aaagctttgg ctactctcaa taccaaccac 540
gtgcccctte tgcacacctyg cttecttetg atgaccacte gecacgcatg tegecagtcetg 600
tacgtcgage agatcgacct cggcgaggag gggggcccte gcaccategt gagtggectg 660
gteeggcacy tgaccctgga ggaccttgte ggcceggeggyg tggtggtget ggecaaccte 720
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aagcctegga gcatgegegg ggtcaaatceg getgggatge tgctetgege cgccaacgeg 780
gatcacaccyg cggtggagee gcetgegggte ccggacgecg cegtgacggg ggagegggte 840
tgggeggggg acgaggcact cctgtccacg gagectgeca cacccaatca ggtaaggaca 900
cgttattggt gcgcatggtg cgaatgegtg gtetgacctyg ctgtgggtat gtgttgtggg 960
attggaaacc gaatgagggc cgttcaggat tgagcccttg geccccacccet gcetcatcecte 1020
tcacgeccege aggtccagaa gaagaaaatc tgggaggcag tacagccget gctgagagtg 1080
aacgcccagg ggatcgcectac tgtggcagga gaggctatgg tgaccagtge ggggecactg 1140
accgcgecca cgctggttga cgccgcegatt tcectgacgeg agcgactgat tettgacctt 1200
tgagaagcca ccacagcacc attttcattg ttcatccttg atttcagtac gacttctcac 1260
catttcagta ctgtaggacc cccaaaatag tgtgatcacg ctcgcaaggc acctgtgtga 1320
tcacggggaa gggcgaattc ctttcttgcg ctatgacact tccagcaaaa ggtagggcgg 1380
gectgegagac ggetteccegg cgctgecatge aacaccgatg atgcttecgac cecccgaage 1440
tcettegggg ctgcatggge getccgatge cgctceccaggg cgagcegctgt ttaaatagece 1500
aggccccecga ttgcaaagac attatagcga gctaccaaag ccatattcaa acacctagat 1560
cactaccact tctacacagg ccactcgagce ttgtgatcge actccgctaa gggggcgect 1620
cttcctette gtttcagtca caacccgcaa acggcgcegece atgctgctge aggecttect 1680
gttecectgetyg gecggetteg ccgccaagat cagcgectece atgacgaacg agacgtcecga 1740
cegeccectyg gtgcacttca cccccaacaa gggetggatyg aacgaccceca acggectgtg 1800
gtacgacgag aaggacgcca agtggcacct gtacttccag tacaacccga acgacaccgt 1860
ctgggggacyg cccttgttet ggggccacge cacgtccgac gacctgacca actgggagga 1920
ccageccate gccategece cgaagcegcaa cgactcecegge gectteteeg getecatggt 1980
ggtggactac aacaacacct ccggettett caacgacacce atcgacccge gecagcgetg 2040
cgtggceccatce tggacctaca acaccccgga gtcecgaggag cagtacatct cctacagect 2100
ggacggcegge tacaccttca ccgagtacca gaagaaccce gtgctggecg ccaactccac 2160
ccagttceccge gacccgaagg tettcectggta cgagccctece cagaagtgga tcatgaccgce 2220
ggccaagtec caggactaca agatcgagat ctactcctec gacgacctga agtcctggaa 2280
gctggagtee gegttegeca acgagggctt cctceggctac cagtacgagt gccccggect 2340
gatcgaggtc cccaccgage aggaccccag caagtcctac tgggtgatgt tcatctcecat 2400
caacceccgge gecceceggecg geggcetectt caaccagtac ttegtceggea gcettcaacgg 2460
cacccacttc gaggcctteg acaaccagtce ccgegtggtg gacttcggca aggactacta 2520
cgecctgeag accttettca acaccgaccce gacctacggg agegecctgyg gcategegtyg 2580
ggcctceccaac tgggagtact ccgecttegt geccaccaac ccctggeget cctecatgte 2640
cctegtgege aagttetcece tcaacaccga gtaccaggece aacccggaga cggagetgat 2700
caacctgaag gccgagecga tcctgaacat cagcaacgece ggeccctgga gcecggttege 2760
caccaacacc acgttgacga aggccaacag ctacaacgtce gacctgtcca acagcaccgg 2820
caccctggag ttcgagctgg tgtacgccgt caacaccacc cagacgatct ccaagtcecegt 2880
gttcgecggac ctcetceecctet ggttcaaggg cctggaggac cccgaggagt acctcecgceat 2940
gggcttcgag gtgtcececgegt cctecttett cctggaccge gggaacagca aggtgaagtt 3000
cgtgaaggag aacccctact tcaccaaccg catgagegtyg aacaaccage ccttcaagag 3060
cgagaacgac ctgtcctact acaaggtgta cggcttgcetg gaccagaaca tcctggagcet 3120
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gtacttcaac gacggcgacg tcgtgtccac caacacctac ttcatgacca ccgggaacgce 3180

cctgggcetee gtgaacatga cgacgggggt ggacaacctg ttctacatcg acaagttcca 3240

ggtgcgcgag gtcaagtgat taattaactc gaggcagcag cagctcggat agtatcgaca 3300

cactctggac gectggtcecgtyg tgatggactg ttgccgecac acttgectgece ttgacctgtg 3360

aatatccctg cecgcttttat caaacagcct cagtgtgttt gatcttgtgt gtacgcegett 3420

ttgcgagttg ctagctgett gtgctatttg cgaataccac ccccagcatce cectteecte 3480

gtttcatatc gcttgcatce caaccgcaac ttatctacge tgtcctgecta tcecctcageg 3540

ctgctectge tectgctcac tgcccectcecge acagecttgg tttgggctece gectgtatte 3600

tcetggtact gecaacctgta aaccagcact gcaatgctga tgcacgggaa gtagtgggat 3660

gggaacacaa atggaaagct t 3681

<210>

SEQ ID NO 104

<211> LENGTH: 3850

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 104

tttggccceg ctttecaget ccggatetge tggegteege cgegagacgt gacatcgcac 60

gtegecggga gegecagett gatcacttgg cagggggecyg tgctctacaa ataccaggec 120

cegeggeggt cagttegecac atccaatacce tgecgageca tcettgcectac actttttate 180

gactccteta ctetgttege gagagegete ggtccagget tggaattcge cgaattcage 240

tcgatcagte gettetgcaa ctgatctegg cegttegeag actgectttt ctcagettgt 300

caggtagcga gttgttgttt tatatttatt cgatttcatc tgtgttgcat gtcttgttcg 360

tgctgtgegt tetttetggg ccgcgetgte gggtegecatyg ggctagetgt actcatgtta 420

gtecatgeegyg tecgaccttyg ttcgaggaag gecccacact gagegtgecce tcetttctaca 480

ccecttgtge agaaattaga tagaaagcag aattccttte ttgegctatyg acacttccag 540

caaaaggtag ggcgggctgce gagacggett ceeggegetyg catgcaacac cgatgatget 600

tcgaccccce gaagcetectt cggggetgea tgggegcetece gatgecgete cagggegage 660

gctgtttaaa tagccaggece cccgattgca aagacattat agcgagctac caaagccata 720

ttcaaacacc tagatcacta ccacttctac acaggccact cgagettgtg atcgcactce 780

gctaaggggyg cgectettee tettegttte agtcacaacce cgcaaacggce gegecatget 840

getgcaggee ttectgttee tgctggecegg cttegecgece aagatcageg cctcecatgac 900

gaacgagacyg tccgaccgee ccectggtgca cttcacccce aacaagggct ggatgaacga 960

ccccaacgge ctgtggtacg acgagaagga cgecaagtgg cacctgtact tccagtacaa 1020

cccgaacgac accgtetggg ggacgecctt gttetgggge cacgccacgt ccgacgacct 1080

gaccaactgg gaggaccagc ccatcgecat cgccccgaag cgcaacgact ccggegectt 1140

ctcecggetee atggtggtgg actacaacaa cacctceggce ttcttcaacg acaccatcga 1200

cecegegecag cgctgegtgg ccatctggac ctacaacace ceggagtecg aggagcagta 1260

catctecctac agcctggacg gcggctacac cttcaccgag taccagaaga accccgtgcet 1320

ggccgecaac tccacccagt tecgegacce gaaggtette tggtacgage cctceccagaa 1380

gtggatcatg accgcggcca agtcccagga ctacaagatc gagatctact ccteccgacga 1440
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cctgaagtce tggaagctgg agtccgegtt cgccaacgag ggcttecteg gcetaccagta 1500
cgagtgcccee ggcectgatceg aggtccccac cgagcaggac cccagcaagt cctactgggt 1560
gatgttcatc tccatcaacc ccggcgecce ggccggcgge tecttcaacce agtacttegt 1620
cggcagcttce aacggcaccce acttcgaggce cttcecgacaac cagtcccgeg tggtggactt 1680
cggcaaggac tactacgccc tgcagacctt cttcaacacce gacccgacct acgggagcgce 1740
cctgggcatce gegtgggect ccaactggga gtactccegece ttcecgtgceccca ccaaccectg 1800
gcgetectee atgtceecteg tgcgcaagtt ctceccectcaac accgagtacce aggccaaccce 1860
ggagacggayg ctgatcaacc tgaaggccga gecgatectg aacatcagca acgccggecce 1920
ctggagccegg ttcegecacca acaccacgtt gacgaaggec aacagctaca acgtcgacct 1980
gteccaacage accggcacce tggagttcega getggtgtac gecgtcaaca ccacccagac 2040
gatctccaag tcececgtgttcecg cggacctete cctcetggtte aagggcectgg aggacccecga 2100
ggagtacctc cgcatgggct tcgaggtgtce cgcecgtectece ttettectgg accgcgggaa 2160
cagcaaggtg aagttcgtga aggagaaccce ctacttcacce aaccgcatga gcgtgaacaa 2220
ccagccectte aagagcgaga acgacctgtce ctactacaag gtgtacggct tgctggacca 2280
gaacatcctg gagctgtact tcaacgacgg cgacgtcgtg tccaccaaca cctacttceat 2340
gaccaccggyg aacgccctgg gctcecgtgaa catgacgacg ggggtggaca acctgttceta 2400
catcgacaag ttccaggtgc gcgaggtcaa gtgattaatt aactcgaggce agcagcagct 2460
cggatagtat cgacacactc tggacgctgg tcgtgtgatg gactgttgcce geccacacttg 2520
ctgccttgac ctgtgaatat ccctgccgcet tttatcaaac agcctcagtg tgtttgatct 2580
tgtgtgtacg cgcttttgeg agttgctage tgcttgtget atttgcgaat accaccccca 2640
gcatcceett cectegttte atatcgettg catcccaacce gcaacttatce tacgectgtcece 2700
tgctatcecct cagcgctget ccectgctectg ctcactgece ctcecgcacage cttggtttgg 2760
gcteegecetyg tattctectg gtactgcaac ctgtaaacca gcactgcaat gctgatgcac 2820
gggaagtagt gggatgggaa cacaaatgga ccgacacgcc cccggeccag gtcecagttet 2880
cctgggtett ccagaggccc gtcecgccatgt aaagtggcag agattggcge ctgattcgat 2940
ttggatccaa ggatctccaa tcggtgatgg ggactgagtg cccaactacce acccttgcac 3000
tatcgtecte gecactattta ttecccacctt ctgcectcecgece tgccgggcga ttgecgggegt 3060
ttectgcectt gacgtatcaa tttecgcccct gctggcgega ggattcttca ttctaataag 3120
aactcactcc cgccagctet gtacttttcee tgcggggecce ctgcatgget tgttceccaat 3180
gcttgctega tcegacggcecge ccattgcecca cggcegcectgec gcatccatgt gaagaaacac 3240
ggaagagtgc gaagactgga agtgaattaa gagtataaga agaggtacca agggattctc 3300
aggtgctcectt aggaacggct tttceccttcecge caagagaaac tgctactgcet cgtgtcegeca 3360
cggtggtcaa gccgecccat ctgcgatcca ccaggceccat cegeggacte gcegatcagece 3420
tgctggatce ggactgccga cctgaccgct cgcatccacce attacaaccce tceccaattgga 3480
caccactcce acgtcecctaaa gttcaccatg caagctgatc gatcgcatte gecgatgcac 3540
tegectgeca cagaggtgtyg cgctteggac tagegtgcag gegecccgag gccaccagca 3600
tgcaccgatg gaagcgggca cggccgetge tecaggtege tggctcegete agacccatag 3660
caaccteccgce tgcgtccecta aatgtcacac agagcecgtett tgatgggtac ggatgggaga 3720
gaatctgatt gggcattgct ggtgcagtgc aggaagatgg caagtgcaca gtcagtcatg 3780
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ctgtacaaac tggtgcctcecg tagtattgac tcgtatagtg catagtatca tgcatggtcg 3840

ttacttgcaa 3850

<210> SEQ ID NO 105

<211> LENGTH: 3108

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 105

tttggccceg ctttecaget ccggatetge tggegteege cgegagacgt gacatcgcac 60
gtegecggga gegecagett gatcacttgg cagggggecyg tgctctacaa ataccaggec 120
cegeggeggt cagttegecac atccaatacce tgecgageca tcettgcectac actttttate 180
gactccteta ctetgttege gagagegete ggtccagget tggaattcge cgaattcage 240
tcgatcagte gettetgcaa ctgatctegg cegttegeag actgectttt ctcagettgt 300
caggtagcga gttgttgttt tatatttatt cgatttcatc tgtgttgcat gtcttgttcg 360
tgctgtgegt tetttetggg ccgcgetgte gggtegecatyg ggctagetgt actcatgtta 420
gtecatgeegyg tecgaccttyg ttcgaggaag gecccacact gagegtgecce tcetttctaca 480
ccecttgtge agaaattaga tagaaagcaa tgctgctgea ggecttectyg ttectgetgg 540
ceggettege cgccaagatce agecgecteca tgacgaacga gacgtccgac cgcccectgg 600
tgcacttcac ccccaacaag ggctggatga acgaccccaa cggectgtgyg tacgacgaga 660
aggacgccaa gtggcacctg tacttccagt acaacccgaa cgacaccgte tgggggacge 720
cettgttetyg gggecacgcee acgtccgacg acctgaccaa ctgggaggac cagceccatcg 780
ccategeccee gaagegcaac gactcceggeg cetteteegyg ctecatggtyg gtggactaca 840
acaacaccte cggcettettce aacgacacca tcgacccegeg ccagegcetge gtggecatct 900
ggacctacaa caccccggag tccgaggage agtacatctce ctacagectg gacggcegget 960

acaccttcac cgagtaccag aagaacccceg tgetggcecege caactccacce cagttccgeg 1020
acccgaaggt cttcetggtac gagccctcecce agaagtggat catgaccgeg gccaagtcecce 1080
aggactacaa gatcgagatc tactcctccg acgacctgaa gtcctggaag ctggagtecg 1140
cgttcgecaa cgagggctte cteggctace agtacgagtg ccccggcectg atcgaggtcece 1200
ccaccgagca ggaccccagce aagtcctact gggtgatgtt catctccatce aaccccggeg 1260
cceecggecgg cggctectte aaccagtact tcecgtecggcag cttcaacggce acccacttceg 1320
aggccttega caaccagtec cgegtggtgg acttcecggcaa ggactactac gecctgcaga 1380
ccttettecaa caccgacceg acctacggga gcgecctggg catcgegtgg gectccaact 1440
gggagtactc cgccttegtg cccaccaacc cctggegcte cteccatgtcee ctegtgegea 1500
agttctccct caacaccgag taccaggeca acccggagac ggagctgatce aacctgaagg 1560
ccgagecgat cctgaacatc agcaacgecg geccctggag ceggttegece accaacacca 1620
cgttgacgaa ggccaacagce tacaacgtcg acctgtccaa cagcaccgge accctggagt 1680
tcgagetggt gtacgccgte aacaccaccce agacgatctce caagtccgtg ttegeggacce 1740
tctecectetg gttcaaggge ctggaggacce ccgaggagta cctcecgcatg ggcttcegagg 1800
tgtcecgegte ctecttette ctggaccgceg ggaacagcaa ggtgaagttce gtgaaggaga 1860

acccctactt caccaaccge atgagegtga acaaccagec cttcaagage gagaacgace 1920
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tgtcctacta

acggcgacgt

tgaacatgac

tcaagtgacc

cgccatgtaa

ggtgatgggg

cccaccttet

tegecectge

acttttectyg

attgcccacyg

tgaattaaga

tccttegeca

gegatccace

tgaccgeteg

tcaccatgca

ctteggacta

geegetgete

tgtcacacag

tgcagtgcag

gtattgactce

caaggtgtac

cgtgtecace

gacgggggtyg

gacacgccce

agtggcagag

actgagtgec

getegeccty

tggcgegagg

cggggecect

gegetgeege

gtataagaag

agagaaactg

aggcccatcee

catccaccat

agctgatcga

gegtgcagge

caggtegetyg

agcgtetttyg

gaagatggca

gtatagtgca

<210> SEQ ID NO 106
<211> LENGTH: 559

<212> TYPE:

DNA

ggcttgctgg

aacacctact

gacaacctgt

cggeccaggt

attggegect

caactaccac

cegggegatt

attcttcatt

gecatggettyg

atccatgtga

aggtaccaag

ctactgeteg

geggactege

tacaaccctce

tcgcattege

gececgagge

getegetcag

atgggtacgg

agtgcacagt

tagtatcatg

accagaacat

tcatgaccac

tctacatcga

ccagttetee

gattcgattt

ccttgeacta

gcgggcgttt

ctaataagaa

ttcccaatge

agaaacacgg

ggattctcag

tgtcgecacy

gatcagcctyg

caattggaca

cgatgcactce

caccagcatg

acccatagca

atgggagaga

cagtcatget

catggtegtt

<213> ORGANISM: Chlorella luteoviridis

<400> SEQUENCE: 106

tgttgaagaa

caagcgaaag

gtgatctaac

gatctttaaa

gctagetggt

cggtgtaggg

aactcagaat

agtcaagagg

aaggaggtga

agtgcgtaat

tgagccggeg
caagttttaa
cgtgaccagg
aatcgtgaga
tctecccgaa
gtaaagcact
actacgcttg
gaaacagcce
aagtgcagaa

agctcactyg

<210> SEQ ID NO 107
<211> LENGTH: 1841

<212> TYPE:

DNA

acttatagga

aaatagcgat

atgaagcttg

tgagttgcgg

atgtgttgag

gttteggtge

tataccattc

agatcaccag

acaaccagga

<213> ORGANISM: Cuphea palustris

<400> SEQUENCE: 107

agtggcgtgg
atttgtcact
ggtaacacca
ttagtaggtyg
gegeagegat
gggcetgcegaa
atcagtgaga
ttaaggccee

ggtttgccca

cctggagetyg tacttcaacy

cgggaacgee ctgggeteceg

caagttccag gtgcgcgagg

tgggtcttee agaggccegt

ggatccaagg atctccaatce

tcgtectege actatttatt

ctgceccttga cgtatcaatt

ctcactceeyg ccagetetgt

ttgctegate gacggegece

aagagtgcga agactggaag

gtgctettag gaacggettt

gtggtcaage cgccccatct

ctggatcegg actgecgace

ccactcccac gtcctaaagt

gectgecaca gaggtgtgeg

caccgatgga agcgggcacyg

acctcegetyg cgtccctaaa

atctgattgg gcattgetgyg

gtacaaactg gtgcctegta

acttgcaa

ttaaggaatt ttccgaagece

ttttatggac ccgaacccgyg

agtgaaggtc cgaactcttce

aaatgccaat cgaactcgga

gaatgacaaa acaaatagta

agcggtacca aatcgtggea

ctgtggggga taagctccat

aaaatgacag ctaagtggca

gaagcagcca tcctttaaag

gaattccttt cttgegetat gacacttcca gcaaaaggta gggcegggetyg cgagacgget

tcceggeget geatgecaaca ccgatgatge ttegacccee cgaagetect teggggetge

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3108

60

120

180

240

300

360

420

480

540

559

60

120
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atgggcgete cgatgecget ccagggegag cgetgtttaa atagccagge ccccgattge 180
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 240
cacaggccac tcgagettgt gatcgcacte cgectaagggyg gegectette ctettegttt 300
cagtcacaac ccgcaaacac tagtatggec accgcatcca ctttetcegge gttcaatgece 360
cgetgeggeg acctgegteg cteggeggge tecgggeccee ggegeccage gaggeccecte 420
cecegtgegeg ggcegegecag catgetgetyg teggeggtga ccacggtett cggegtggece 480
gagaagcagt ggcccatgcet ggaccgcaag tccaagegec ccgacatget ggtcgagecce 540
ctgggegtgg accgcategt ctacgacgge gtgagcttee gecagtegtt ctccatccge 600
agctacgaga tcggegecga ccgcaccgece tcgatcgaga cgcetgatgaa catgttcecag 660
gagacctcee tgaaccactg caagatcatc ggectgetga acgacggett cggecgcacy 720
ccecgagatgt gcaagegega cctgatctgg gtegtgacca agatgcagat cgaggtgaac 780
cgctacccca cgtggggcega caccatcgag gtcaacacgt gggtgagege ctcegggcaag 840
cacggcatgg gccgegactg getgatctee gactgccaca ceggcgagat cctgatccge 900
gcgacgageyg tctgggcgat gatgaaccag aagacccgec gectgtcegaa gatcccctac 960
gaggtgcegee aggagatcga gccccagttce gtcgactceg cecccegtgat cgtggacgac 1020
cgcaagttee acaagctgga cctgaagacg ggcgacagea tcetgcaacgyg cctgacccce 1080
cgetggacgg acctggacgt gaaccagcac gtcaacaacyg tgaagtacat cggctggatce 1140
ctgcagtcgg tccccaccga ggtgttegag acgcaggagce tgtgcggcect gaccctggag 1200
taccgecgeg agtgeggecg cgacteegtg ctggagageg tcacggcecat ggaccecteg 1260
aaggagggceg accgcetceect gtaccagecac ctgetgegece tggaggacgyg cgcggacate 1320
gtgaagggce gcaccgagtg gcgecccaag aacgccggeg ccaagggcegce catcctgacy 1380
ggcaagacca gcaacggcaa ctcgatctcce tgactcgagt taattaactc gaggcagcag 1440
cagctcggat agtatcgaca cactctggac gctggtegtg tgatggactg ttgccgccac 1500
acttgctgcece ttgacctgtg aatatccctg ccgcecttttat caaacagcct cagtgtgttt 1560
gatcttgtgt gtacgcgctt ttgcgagttg ctagctgctt gtgctatttg cgaataccac 1620
ccecagcecate cectteccecte gtttcatate gcttgcatcecce caaccgcaac ttatctacgce 1680
tgtcctgeta teccctcageg ctgctectge tectgctcecac tgccecctege acagecttgg 1740
tttgggctce gectgtatte tectggtact gcaacctgta aaccagcact gcaatgctga 1800
tgcacgggaa gtagtgggat gggaacacaa atggaaagct t 1841
<210> SEQ ID NO 108
<211> LENGTH: 1010
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 108
ggegegecca getgeccgac tggagcatge tgctggecge gatcaccacce ctgttectgg 60
cggccgagaa gcagtggatg atgctggact ggaagcccaa gegecccgac atgetggtgg 120
acccettegg cctgggecge ttegtgecagg acggectggt gttecgcaac aacttcagca 180
tcegeageta cgagatcgge gecggaccgca cegecageat cgagaccctyg atgaaccace 240
tgcaggagac cgccctgaac cacgtgaaga gegtgggect getggaggac ggcectgggca 300
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gcacccgega gatgagcectyg cgcaacctga tetgggtggt gaccaagatg caggtggegyg 360
tggaccgcta ccccacctgg ggcgacgagg tgcaggtgag cagetgggeyg accgecatcg 420
gcaagaacgyg catgcgccge gagtggatcg tgaccgactt cegcaccgge gagaccctge 480
tgcgegecac cagegtgtgg gtgatgatga acaagctgac ccegecgcatce agcaagatce 540
ccgaggaggt gtggcacgag atcggeccca gettcatega cgegeccccee ctgeccaccyg 600
tggaggacga cggccgcaag ctgacceget tegacgagag cagegecgac ttcatccgea 660
agggcctgac ccceegetgg agcgacctgg acatcaacca gcacgtgaac aacgtgaagt 720
acatcggetyg getgetggag agcgcegeccee cegagatcca cgagagccac gagatcgceca 780
gectgacect ggagtaccge cgcgagtgceg gecgcgacag cgtgctgaac agegcecacca 840
aggtgagcga cagcagccag ctgggcaaga gegecgtgga gtgcaaccac ctggtgegece 900
tgcagaacgg cggcgagatc gtgaagggece geaccgtgtyg gegecccaag cgcccectgt 960
acaacgacgg cgccgtggtyg gacgtgcccg ccaagaccag ctgactcgag 1010
<210> SEQ ID NO 109
<211> LENGTH: 5472
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 109
ggtacccttt cttgcgctat gacacttcca gcaaaaggta gggcgggcetyg cgagacgget 60
tceeggeget gcatgcaaca ccgatgatge ttegaccecee cgaagctect tceggggetge 120
atgggcgete cgatgecget ccagggegag cgetgtttaa atagccagge ccccgattge 180
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 240
cacaggccac tcgagettgt gatcgcacte cgectaagggyg gegectette ctettegttt 300
cagtcacaac ccgcaaactc tagaatatca atgctgcetge aggecttect gttectgetg 360
geeggetteg cegecaagat cagegectcece atgacgaacg agacgtcecga cegeccectg 420
gtgcacttca cccccaacaa gggctggatg aacgacccca acggectgtg gtacgacgag 480
aaggacgcca agtggcacct gtacttccag tacaacccga acgacaccgt ctgggggacyg 540
cecttgttet ggggecacge cacgtcecgac gacctgacca actgggagga ccageccate 600
geecatcgecee cgaagcgcaa cgactccgge gectteteeg getccatggt ggtggactac 660
aacaacacct ccggcettett caacgacacc atcgaccege gcecagcegetyg cgtggecate 720
tggacctaca acaccccgga gtccgaggag cagtacatct cctacagect ggacggegge 780
tacaccttca ccgagtacca gaagaacccce gtgetggeeg ccaactccac ccagttccge 840
gacccgaagyg tcttetggta cgagecctcece cagaagtgga tcatgaccge ggecaagtece 900
caggactaca agatcgagat ctactcctcece gacgacctga agtcectggaa gctggagtcee 960
gcgttegeca acgagggctt ccteggctac cagtacgagt gecccggect gatcgaggte 1020
cccaccgagce aggaccccag caagtcectac tgggtgatgt tcatctccat caaccccggce 1080
gcceeggeceg geggctectt caaccagtac ttcecgteggca gettcaacgg cacccactte 1140
gaggcctteg acaaccagtce ccgegtggtg gacttcggca aggactacta cgccctgcag 1200
accttetteca acaccgacce gacctacggg agegecctgg gcategegtyg ggcectccaac 1260
tgggagtact ccgccttegt geccaccaac ccectggeget cctcecatgte cetegtgege 1320
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aagttctccee tcaacaccga gtaccaggece aacccggaga cggagctgat caacctgaag 1380
geecgagecga tectgaacat cagcaacgcece ggeccctgga gecggttege caccaacacce 1440
acgttgacga aggccaacag ctacaacgtc gacctgtcca acagcaccgyg caccctggag 1500
ttcgagetgg tgtacgcegt caacaccacce cagacgatct ccaagtccgt gttecgceggac 1560
ctcteectet ggttcaaggg cctggaggac cccgaggagt acctceccecgcat gggcttcecgag 1620
gtgtccgegt cctecttett cctggaccge gggaacagca aggtgaagtt cgtgaaggag 1680
aacccctact tcaccaaccg catgagegtg aacaaccage ccttcaagag cgagaacgac 1740
ctgtcctact acaaggtgta cggcttgctg gaccagaaca tcctggaget gtacttcaac 1800
gacggcgacyg tcegtgtccac caacacctac ttcatgacca ccgggaacgce cctgggetec 1860
gtgaacatga cgacgggggt ggacaacctg ttctacatcg acaagttcca ggtgcgcgag 1920
gtcaagtgac aattggcagc agcagctcgg atagtatcga cacactctgg acgctggteg 1980
tgtgatggac tgttgccgec acacttgctg ccttgacctg tgaatatcce tgccgetttt 2040
atcaaacagc ctcagtgtgt ttgatcttgt gtgtacgcege ttttgcgagt tgctagctgce 2100
ttgtgctatt tgcgaatacc acccccagca tccecttece tegtttcata tegettgeat 2160
cccaaccgca acttatctac getgtcectge tatccctcecag cgctgcectect getectgete 2220
actgccecte gecacagcectt ggtttgggct ccgectgtat tectcectggta ctgcaacctg 2280
taaaccagca ctgcaatgct gatgcacggg aagtagtggg atgggaacac aaatggagga 2340
tceegegtet cgaacagagce gcegcagagga acgctgaagg tcectcegectet gtegcaccte 2400
agcgcggcat acaccacaat aaccacctga cgaatgcget tggttcectteg tecattageg 2460
aagcgtecgg ttcacacacg tgccacgttg gcgaggtggce aggtgacaat gatcggtgga 2520
gctgatggte gaaacgttca cagcctaggg atatcgaatt ccgecctgcaa cgcaagggca 2580
gcecacageeyg cteccacceg ccegetgaace gacacgtget tgggegectg cegectgect 2640
gccgecatget tgtgetggtg aggctgggca gtgctgccat getgattgag gcecttggttcea 2700
tcgggtggaa gettatgtgt gtgctgggcet tgcatgecgg gcaatgcgca tggtggcaag 2760
agggcggcag cacttgctgg agctgccgceg gtgcectecag gtggttcaat cgcggcagcece 2820
agagggattt cagatgatcg cgcgtacagg ttgagcagca gtgtcagcaa aggtagcagt 2880
ttgccagaat gatcggttca gcectgttaatc aatgccagca agagaagggg tcaagtgcaa 2940
acacgggcat gccacagcac gggcaccggg gagtggaatyg gcaccaccaa gtgtgtgcga 3000
gccagcateg ccgectgget gtttcageta caacggcagg agtcatccaa cgtaaccatg 3060
agctgatcaa cactgcaatc atcgggeggg cgtgatgcaa gcatgcectgyg cgaagacaca 3120
tggtgtgcgg atgctgcegg ctgctgectg ctgcgcacge cgttgagttg gcagcaggcet 3180
cagccatgca ctggatggca gcectgggctgce cactgcaatg tggtggatag gatgcaagtg 3240
gagcgaatac caaaccctct ggetgcttge tgggttgcat ggcatcgcac catcagcagg 3300
agcgcatgeg aagggactgg ccccatgecac gecatgccaa accggagege accgagtgte 3360
cacactgtca ccaggcccgce aagctttgca gaaccatget catggacgca tgtagcegetg 3420
acgtececttyg acggegetcee tectcegggtgt gggaaacgca atgcagcaca ggcagcagag 3480
geggeggeayg cagageggeg gcagcagegg cgggggecac ccttettgeg gggtegegece 3540
ccagccagceg gtgatgcget gatcccaaac gagttcacat tcatttgcat gectggagaa 3600
gegaggetygyg ggectttggg ctggtgcage ccgcaatgga atgcegggacce gecaggctag 3660
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cagcaaaggc gcctcecccecta cteccgcatceg atgttccata gtgcattgga ctgcatttgg 3720
gtggggcgge cggctgttte tttegtgttg caaaacgcgce cagctcagca acctgtececyg 3780
tgggtcceccece gtgccgatga aatcgtgtge acgccgatca gectgattgece cggctcegega 3840
agtaggcgcece ctcectttetg ctegecctcet cteegteceg ccactagtat ggccaccgca 3900
tccactttet cggcegttcaa tgcccecgetge ggcgacctge gtcecgetcegge gggctecggg 3960
ceceeggegee cagcegaggece cctceceegtyg cgegggegeyg ccecagetgee cgactggage 4020
cgectgetga ccgecatcac caccgtgtte gtgaagtcca agegccccga catgcacgac 4080
cgcaagtcca agcgecccga catgetggtg gacagcetteg gectggagte caccgtgcag 4140
gacggcctgg tgttceccgeca gtecttetece atccecgetect acgagatcgg caccgaccgce 4200
accgecagca tcgagaccct gatgaaccac ctgcaggaga cctcecctgaa ccactgcaag 4260
agcaccggca tcctgetgga cggcttegge cgecaccctgg agatgtgcaa gcegegacctg 4320
atctgggtgg tgatcaagat gcagatcaag gtgaaccgct accccgcectg gggcgacacce 4380
gtggagatca acacccgctt cagecgectg ggcaagatceg geatgggecg cgactggetg 4440
atcteccgact gcaacaccgg cgagatcctg gtgegcegeca ccagegecta cgccatgatg 4500
aaccagaaga cccgecgect gtccaagetg cectacgagyg tgcaccagga gatcgtgece 4560
ctgttcecgtgg acagcccegt gatcgaggac tccgacctga aggtgcacaa gttcaaggtg 4620
aagaccggeg acagcatcca gaagggectg acccccegget ggaacgacct ggacgtgaac 4680
cagcacgtgt ccaacgtgaa gtacatcggc tggatcctgg agagcatgcce caccgaggtg 4740
ctggagacce aggagetgtg ctccctggece ctggagtace gecgegagtyg cggecgegac 4800
tcegtgetgg agagegtgac cgccatggac cecagcaagyg tgggegtgeg ctceccagtac 4860
cagcacctge tgcgectgga ggacggcacce gecatcegtga acggcgccac cgagtggege 4920
cccaagaacg ccggegecaa cggcgecatce tecaccggea agaccagcaa cggcaactcece 4980
gtgtccatgyg actacaagga ccacgacggc gactacaagg accacgacat cgactacaag 5040
gacgacgacyg acaagtgact cgaggcagca gcagctcgga tagtatcgac acactctgga 5100
cgctggtegt gtgatggact gttgccgcca cacttgetge cttgacctgt gaatatccect 5160
gccgetttta tcaaacagce tcagtgtgtt tgatcttgtg tgtacgcget tttgcgagtt 5220
gctagctget tgtgctattt gcgaatacca cccccagcat ccccttecect cgtttcatat 5280
cgcttgcatce ccaaccgcaa cttatctacg ctgtcecctget atccectcage getgcetectg 5340
ctecctgcetca ctgcecccteg cacagecttg gtttgggete cgectgtatt ctectggtac 5400
tgcaacctgt aaaccagcac tgcaatgctg atgcacggga agtagtggga tgggaacaca 5460
aatggaaagc tt 5472
<210> SEQ ID NO 110
<211> LENGTH: 5451
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 110
ggtacccttt cttgcgctat gacacttcca gcaaaaggta gggcgggcetyg cgagacgget 60
tceeggeget gcatgcaaca ccgatgatge ttegaccecee cgaagctect tceggggetge 120
atgggcgete cgatgecget ccagggegag cgetgtttaa atagccagge ccccgattge 180
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aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 240
cacaggccac tcgagettgt gatcgcacte cgectaagggyg gegectette ctettegttt 300
cagtcacaac ccgcaaactc tagaatatca atgctgcetge aggecttect gttectgetg 360
geeggetteg cegecaagat cagegectcece atgacgaacg agacgtcecga cegeccectg 420
gtgcacttca cccccaacaa gggctggatg aacgacccca acggectgtg gtacgacgag 480
aaggacgcca agtggcacct gtacttccag tacaacccga acgacaccgt ctgggggacyg 540
cecttgttet ggggecacge cacgtcecgac gacctgacca actgggagga ccageccate 600
geecatcgecee cgaagcgcaa cgactccgge gectteteeg getccatggt ggtggactac 660
aacaacacct ccggcettett caacgacacc atcgaccege gcecagcegetyg cgtggecate 720
tggacctaca acaccccgga gtccgaggag cagtacatct cctacagect ggacggegge 780
tacaccttca ccgagtacca gaagaacccce gtgetggeeg ccaactccac ccagttccge 840
gacccgaagyg tcttetggta cgagecctcece cagaagtgga tcatgaccge ggecaagtece 900
caggactaca agatcgagat ctactcctcece gacgacctga agtcectggaa gctggagtcee 960
gcgttegeca acgagggctt ccteggctac cagtacgagt gecccggect gatcgaggte 1020
cccaccgagce aggaccccag caagtcectac tgggtgatgt tcatctccat caaccccggce 1080
gcceeggeceg geggctectt caaccagtac ttcecgteggca gettcaacgg cacccactte 1140
gaggcctteg acaaccagtce ccgegtggtg gacttcggca aggactacta cgccctgcag 1200
accttetteca acaccgacce gacctacggg agegecctgg gcategegtyg ggcectccaac 1260
tgggagtact ccgccttegt geccaccaac ccectggeget cctcecatgte cetegtgege 1320
aagttctccee tcaacaccga gtaccaggece aacccggaga cggagctgat caacctgaag 1380
geecgagecga tectgaacat cagcaacgcece ggeccctgga gecggttege caccaacacce 1440
acgttgacga aggccaacag ctacaacgtc gacctgtcca acagcaccgyg caccctggag 1500
ttcgagetgg tgtacgcegt caacaccacce cagacgatct ccaagtccgt gttecgceggac 1560
ctcteectet ggttcaaggg cctggaggac cccgaggagt acctceccecgcat gggcttcecgag 1620
gtgtccgegt cctecttett cctggaccge gggaacagca aggtgaagtt cgtgaaggag 1680
aacccctact tcaccaaccg catgagegtg aacaaccage ccttcaagag cgagaacgac 1740
ctgtcctact acaaggtgta cggcttgctg gaccagaaca tcctggaget gtacttcaac 1800
gacggcgacyg tcegtgtccac caacacctac ttcatgacca ccgggaacgce cctgggetec 1860
gtgaacatga cgacgggggt ggacaacctg ttctacatcg acaagttcca ggtgcgcgag 1920
gtcaagtgac aattggcagc agcagctcgg atagtatcga cacactctgg acgctggteg 1980
tgtgatggac tgttgccgec acacttgctg ccttgacctg tgaatatcce tgccgetttt 2040
atcaaacagc ctcagtgtgt ttgatcttgt gtgtacgcege ttttgcgagt tgctagctgce 2100
ttgtgctatt tgcgaatacc acccccagca tccecttece tegtttcata tegettgeat 2160
cccaaccgca acttatctac getgtcectge tatccctcecag cgctgcectect getectgete 2220
actgccecte gecacagcectt ggtttgggct ccgectgtat tectcectggta ctgcaacctg 2280
taaaccagca ctgcaatgct gatgcacggg aagtagtggg atgggaacac aaatggagga 2340
tceegegtet cgaacagagce gcegcagagga acgctgaagg tcectcegectet gtegcaccte 2400
agcgcggcat acaccacaat aaccacctga cgaatgcget tggttcectteg tecattageg 2460
aagcgtecgg ttcacacacg tgccacgttg gcgaggtggce aggtgacaat gatcggtgga 2520
gctgatggte gaaacgttca cagcctaggg atatcgaatt ccgecctgcaa cgcaagggca 2580
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gcecacageeyg cteccacceg ccegetgaace gacacgtget tgggegectg cegectgect 2640
gccgecatget tgtgetggtg aggctgggca gtgctgccat getgattgag gcecttggttcea 2700
tcgggtggaa gettatgtgt gtgctgggcet tgcatgecgg gcaatgcgca tggtggcaag 2760
agggcggcag cacttgctgg agctgccgceg gtgcectecag gtggttcaat cgcggcagcece 2820
agagggattt cagatgatcg cgcgtacagg ttgagcagca gtgtcagcaa aggtagcagt 2880
ttgccagaat gatcggttca gcectgttaatc aatgccagca agagaagggg tcaagtgcaa 2940
acacgggcat gccacagcac gggcaccggg gagtggaatyg gcaccaccaa gtgtgtgcga 3000
gccagcateg ccgectgget gtttcageta caacggcagg agtcatccaa cgtaaccatg 3060
agctgatcaa cactgcaatc atcgggeggg cgtgatgcaa gcatgcectgyg cgaagacaca 3120
tggtgtgcgg atgctgcegg ctgctgectg ctgcgcacge cgttgagttg gcagcaggcet 3180
cagccatgca ctggatggca gcectgggctgce cactgcaatg tggtggatag gatgcaagtg 3240
gagcgaatac caaaccctct ggetgcttge tgggttgcat ggcatcgcac catcagcagg 3300
agcgcatgeg aagggactgg ccccatgecac gecatgccaa accggagege accgagtgte 3360
cacactgtca ccaggcccgce aagctttgca gaaccatget catggacgca tgtagcegetg 3420
acgtececttyg acggegetcee tectcegggtgt gggaaacgca atgcagcaca ggcagcagag 3480
geggeggeayg cagageggeg gcagcagegg cgggggecac ccttettgeg gggtegegece 3540
ccagccagceg gtgatgcget gatcccaaac gagttcacat tcatttgcat gectggagaa 3600
gegaggetygyg ggectttggg ctggtgcage ccgcaatgga atgcegggacce gecaggctag 3660
cagcaaaggc gcctcecccecta cteccgcatceg atgttccata gtgcattgga ctgcatttgg 3720
gtggggcgge cggctgttte tttegtgttg caaaacgcgce cagctcagca acctgtececyg 3780
tgggtcceccece gtgccgatga aatcgtgtge acgccgatca gectgattgece cggctcegega 3840
agtaggcgcece ctcectttetg ctegecctcet cteegteceg ccactagtat gacgtteggg 3900
gtcgecctee cggeccatggg ccgeggtgte tecccttecee ggecccagggt cgeggtgege 3960
gcccagtegg cgagtcaggt tttggagage gggcgcgcecec ccgactggtce catgetgtte 4020
geegtgatca ccaccatctt cagegecgcece gagaagcagt ggaccaacct ggagtggaag 4080
cccaagcecca agctgcccecca getgctggac gaccactteg gectgcacgg cctggtgtte 4140
cgecgeacct tegecatcceg ctectacgag gtgggcceeg accgcagcac ctccatcectg 4200
geegtgatga accacatgca ggaggccace ctgaaccacg ccaagagegt gggcatcctg 4260
ggcgacggct tcecggcaccac cctggagatg tccaagcgeg acctgatgtg ggtggtgege 4320
cgcacccacg tggeegtgga gegctaccee acctggggeyg acaccgtgga ggtggagtge 4380
tggatcggeg ccageggcaa caacggcatg cgecgcgact tectggtgeyg cgactgcaag 4440
accggcgaga tcctgaccceg ctgcacctee ctgagegtge tgatgaacac ccgcacccge 4500
cgectgagea ccatccccga cgaggtgege ggcgagateg gecccgectt catcgacaac 4560
gtggcegtga aggacgacga gatcaagaag ctgcagaagce tgaacgactc caccgccgac 4620
tacatccagg gcggectgac cccccgetgg aacgacctgyg acgtgaacca gcacgtgaac 4680
aacctgaagt acgtggcctg ggtgttcgag accgtgcccg acagcatctt cgagtcccac 4740
cacatcagct ccttcacccet ggagtaccge cgcgagtgca cccgcgacte cgtgcetgegce 4800
agcctgacca ccgtgagegg cggcagetee gaggecggece tggtgtgega ccacctgetg 4860
cagctggagg gcggcagcga ggtgctgege geccgcaceyg agtggcegece caagcetgace 4920
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gactccttee geggcatcag cgtgatccce gecgagecce gegtgatgga ctacaaggac 4980
cacgacggceg actacaagga ccacgacatc gactacaagyg acgacgacga caagtgacte 5040
gaggcagcag cagctcggat agtatcgaca cactctggac gectggtegtg tgatggactg 5100
ttgccgecac acttgctgec ttgacctgtg aatatcectg cecgcttttat caaacagect 5160
cagtgtgttt gatcttgtgt gtacgcgctt ttgcgagttg ctagctgctt gtgctatttg 5220
cgaataccac ccccagcatc cccttceecte gtttcatatce gettgcatce caaccgcaac 5280
ttatctacgce tgtcctgcta teccctcageg ctgctectge tectgcectcac tgcccectege 5340
acagccttgg tttgggctec gectgtatte tcectggtact gcaacctgta aaccagcact 5400
gcaatgctga tgcacgggaa gtagtgggat gggaacacaa atggaaagct t 5451
<210> SEQ ID NO 111
<211> LENGTH: 5454
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 111
ggtacccttt cttgcgctat gacacttcca gcaaaaggta gggcgggcetyg cgagacgget 60
tceeggeget gcatgcaaca ccgatgatge ttegaccecee cgaagctect tceggggetge 120
atgggcgete cgatgecget ccagggegag cgetgtttaa atagccagge ccccgattge 180
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 240
cacaggccac tcgagettgt gatcgcacte cgectaagggyg gegectette ctettegttt 300
cagtcacaac ccgcaaactc tagaatatca atgctgcetge aggecttect gttectgetg 360
geeggetteg cegecaagat cagegectcece atgacgaacg agacgtcecga cegeccectg 420
gtgcacttca cccccaacaa gggctggatg aacgacccca acggectgtg gtacgacgag 480
aaggacgcca agtggcacct gtacttccag tacaacccga acgacaccgt ctgggggacyg 540
cecttgttet ggggecacge cacgtcecgac gacctgacca actgggagga ccageccate 600
geecatcgecee cgaagcgcaa cgactccgge gectteteeg getccatggt ggtggactac 660
aacaacacct ccggcettett caacgacacc atcgaccege gcecagcegetyg cgtggecate 720
tggacctaca acaccccgga gtccgaggag cagtacatct cctacagect ggacggegge 780
tacaccttca ccgagtacca gaagaacccce gtgetggeeg ccaactccac ccagttccge 840
gacccgaagyg tcttetggta cgagecctcece cagaagtgga tcatgaccge ggecaagtece 900
caggactaca agatcgagat ctactcctcece gacgacctga agtcectggaa gctggagtcee 960
gcgttegeca acgagggctt ccteggctac cagtacgagt gecccggect gatcgaggte 1020
cccaccgagce aggaccccag caagtcectac tgggtgatgt tcatctccat caaccccggce 1080
gcceeggeceg geggctectt caaccagtac ttcecgteggca gettcaacgg cacccactte 1140
gaggcctteg acaaccagtce ccgegtggtg gacttcggca aggactacta cgccctgcag 1200
accttetteca acaccgacce gacctacggg agegecctgg gcategegtyg ggcectccaac 1260
tgggagtact ccgccttegt geccaccaac ccectggeget cctcecatgte cetegtgege 1320
aagttctccee tcaacaccga gtaccaggece aacccggaga cggagctgat caacctgaag 1380
geecgagecga tectgaacat cagcaacgcece ggeccctgga gecggttege caccaacacce 1440
acgttgacga aggccaacag ctacaacgtc gacctgtcca acagcaccgyg caccctggag 1500
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ttcgagetgg tgtacgcegt caacaccacce cagacgatct ccaagtccgt gttecgceggac 1560
ctcteectet ggttcaaggg cctggaggac cccgaggagt acctceccecgcat gggcttcecgag 1620
gtgtccgegt cctecttett cctggaccge gggaacagca aggtgaagtt cgtgaaggag 1680
aacccctact tcaccaaccg catgagegtg aacaaccage ccttcaagag cgagaacgac 1740
ctgtcctact acaaggtgta cggcttgctg gaccagaaca tcctggaget gtacttcaac 1800
gacggcgacyg tcegtgtccac caacacctac ttcatgacca ccgggaacgce cctgggetec 1860
gtgaacatga cgacgggggt ggacaacctg ttctacatcg acaagttcca ggtgcgcgag 1920
gtcaagtgac aattggcagc agcagctcgg atagtatcga cacactctgg acgctggteg 1980
tgtgatggac tgttgccgec acacttgctg ccttgacctg tgaatatcce tgccgetttt 2040
atcaaacagc ctcagtgtgt ttgatcttgt gtgtacgcege ttttgcgagt tgctagctgce 2100
ttgtgctatt tgcgaatacc acccccagca tccecttece tegtttcata tegettgeat 2160
cccaaccgca acttatctac getgtcectge tatccctcecag cgctgcectect getectgete 2220
actgccecte gecacagcectt ggtttgggct ccgectgtat tectcectggta ctgcaacctg 2280
taaaccagca ctgcaatgct gatgcacggg aagtagtggg atgggaacac aaatggagga 2340
tceegegtet cgaacagagce gcegcagagga acgctgaagg tcectcegectet gtegcaccte 2400
agcgcggcat acaccacaat aaccacctga cgaatgcget tggttcectteg tecattageg 2460
aagcgtecgg ttcacacacg tgccacgttg gcgaggtggce aggtgacaat gatcggtgga 2520
gctgatggte gaaacgttca cagcctaggg atatcgaatt ccgecctgcaa cgcaagggca 2580
gcecacageeyg cteccacceg ccegetgaace gacacgtget tgggegectg cegectgect 2640
gccgecatget tgtgetggtg aggctgggca gtgctgccat getgattgag gcecttggttcea 2700
tcgggtggaa gettatgtgt gtgctgggcet tgcatgecgg gcaatgcgca tggtggcaag 2760
agggcggcag cacttgctgg agctgccgceg gtgcectecag gtggttcaat cgcggcagcece 2820
agagggattt cagatgatcg cgcgtacagg ttgagcagca gtgtcagcaa aggtagcagt 2880
ttgccagaat gatcggttca gcectgttaatc aatgccagca agagaagggg tcaagtgcaa 2940
acacgggcat gccacagcac gggcaccggg gagtggaatyg gcaccaccaa gtgtgtgcga 3000
gccagcateg ccgectgget gtttcageta caacggcagg agtcatccaa cgtaaccatg 3060
agctgatcaa cactgcaatc atcgggeggg cgtgatgcaa gcatgcectgyg cgaagacaca 3120
tggtgtgcgg atgctgcegg ctgctgectg ctgcgcacge cgttgagttg gcagcaggcet 3180
cagccatgca ctggatggca gcectgggctgce cactgcaatg tggtggatag gatgcaagtg 3240
gagcgaatac caaaccctct ggetgcttge tgggttgcat ggcatcgcac catcagcagg 3300
agcgcatgeg aagggactgg ccccatgecac gecatgccaa accggagege accgagtgte 3360
cacactgtca ccaggcccgce aagctttgca gaaccatget catggacgca tgtagcegetg 3420
acgtececttyg acggegetcee tectcegggtgt gggaaacgca atgcagcaca ggcagcagag 3480
geggeggeayg cagageggeg gcagcagegg cgggggecac ccttettgeg gggtegegece 3540
ccagccagceg gtgatgcget gatcccaaac gagttcacat tcatttgcat gectggagaa 3600
gegaggetygyg ggectttggg ctggtgcage ccgcaatgga atgcegggacce gecaggctag 3660
cagcaaaggc gcctcecccecta cteccgcatceg atgttccata gtgcattgga ctgcatttgg 3720
gtggggcgge cggctgttte tttegtgttg caaaacgcgce cagctcagca acctgtececyg 3780
tgggtcceccece gtgccgatga aatcgtgtge acgccgatca gectgattgece cggctcegega 3840
agtaggcgcece ctcectttetg ctegecctcet cteegteceg ccactagtat ggccaccgca 3900
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tccactttet cggcegttcaa tgcccecgetge ggcgacctge gtcecgetcegge gggctecggg 3960
cececggegee cagcegaggece ccteceegtyg cgegggegeyg ccececgactyg gtcecatgetg 4020
ttcgecegtga tcaccaccat cttcectecgcee gccgagaage agtggaccaa cctggagtgg 4080
aagcccaage ccaaccccce ccagetgetg gacgaccact teggeccceca cggectggtyg 4140
ttecegecgea ccttegecat ccgcagetac gaggtgggece ccegaccgcete caccagcate 4200
gtggccegtga tgaaccacct gcaggaggcce gecctgaacce acgccaagtce cgtgggcatce 4260
ctgggcgacg gctteggcac caccctggag atgtccaage gcgacctgat ctgggtggtg 4320
aagcgcacce acgtggecgt ggagcgetac ceegectggg gegacaccegt ggaggtggag 4380
tgetgggtgg gegecteegg caacaacgge cgecgcecacyg acttectggt gegegactge 4440
aagaccggeg agatcctgac ccgctgeace teectgageg tgatgatgaa cacccgcace 4500
cgecgectga gcaagatccee cgaggaggtg cgeggcgaga teggecccege cttcatcgac 4560
aacgtggceg tgaaggacga ggagatcaag aagccccaga agctgaacga ctccaccgece 4620
gactacatce agggcggcect gaccccccge tggaacgacce tggacatcaa ccagcacgtg 4680
aacaacatca agtacgtgga ctggatcctg gagaccgtgce ccgacagcat cttcgagagce 4740
caccacatct cctcecttcecac catcgagtac cgccgcgagt gcaccatgga cagcgtgcetg 4800
cagtcectga ccaccgtgag cggcggetee tecgaggeceg gectggtgtyg cgagcacctg 4860
ctgcagetgg agggeggcag cgaggtgetyg cgegecaaga ccgagtggeyg ccccaagcetg 4920
accgactect teccgecggcat cagcgtgatce cccgceccgagt ccagcgtgat ggactacaag 4980
gaccacgacyg gcgactacaa ggaccacgac atcgactaca aggacgacga cgacaagtga 5040
ctcgaggcag cagcagctceg gatagtatcg acacactcetg gacgctggte gtgtgatgga 5100
ctgttgccge cacacttgcet gecttgacct gtgaatatcce ctgccgcettt tatcaaacag 5160
cctcagtgtg tttgatcttg tgtgtacgcg cttttgcgag ttgctagctg cttgtgctat 5220
ttgcgaatac cacccccagce atccccttcee ctegtttcecat atcgettgca tceccaaccgce 5280
aacttatcta cgctgtcetg ctatccectca gcgetgetece tgctectget cactgcccect 5340
cgcacagcect tggtttggge tcecgectgta ttetectggt actgcaacct gtaaaccagce 5400
actgcaatgc tgatgcacgg gaagtagtgg gatgggaaca caaatggaaa gctt 5454
<210> SEQ ID NO 112
<211> LENGTH: 2933
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 112
agagagcgga ggtggggttyg tgaggtgggg ttgctgacca ggagctcegeyg tcegecgageg 60
cgactecgcac acggtccagt tacccceecccece tecgeccaaa cgcaagcecte ccatcttgat 120
gecttteegyg ccacctatac tatttcecttag ttegetgtaa catccagacc gtectgaata 180
ataacaatgc cctgtgtcaa gtgcattcct aaaaaaattce tgtcccaacc aacaatccca 240
cctgaaatac caccagccct geccagtaca ctettccaat accatctece tacctcecacyg 300
cgcaagcgac ccccatgege gaccaggetce gaaagtgatt tatgacttga gacgagcgag 360
tggcggegeg gtcgactgee ttttcatcac gtgeccegtacyg teggcgaccyg ctagggettt 420
gcacggcaac gcacggctte gccaacccga ccagccagga cctcgactac tctaccgega 480
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attcgectca agaagtcgcce aaatgtgeca tacaccatte cttacagcac tgttcaaact 540
tgatgccaat tttgacattc gggttgeteg ttggetgege ccacatcgge cgtgagtgca 600
gcaggcggga tceggacacgg aggacgcggce gtcacgecce gaacgcagec cgtaactcta 660
catcaacacg acgtgttgcg taatccecgec cggetgegea tegtgccaac ccattcgcega 720
tggatggteg gaaaatggtg tgccaactge cctgagggag gctctegega aacgggcacyg 780
tcectgaaac cgaaactgtg gecttgtegt cggecacgea agcacgtgga ccctaaacac 840
caagaaaatc agtaaacaag gttgacatcc tctacgggeg aattgtttge ccaaccctte 900
atcgcacact gccattataa tgcatctage tcggcgacaa gtttagaaaa ggcaggctge 960
attgttccat ttcgeccgtgg cggcgtgggt gcccatttta cgaggtttgg getcccecgggce 1020
agcgaccgag ccaggtcgag tccctcetege cegtegacaa tgttgcgaac cccacaagceg 1080
gctaacaaca acttgatggt acctgtacac tgccaattcc ttecttcecccg gccgaggttt 1140
acacgtgatg gccatggcett cgcattcagg ccgacttcecce attccgactt tecagagggt 1200
ccgcggacgce tgggggttgg ctgcctgagg cccaccettt gttcecceccgeg teccgacaaa 1260
cacaattgcg ttacataagg gggagccgcce cccegttcaga gtgcagaaat ctttcactat 1320
attttccagt cgtcagcgaa atcaagtact agtatggcca ccgcatccac tttcecteggeg 1380
ttcaatgccee getgeggega cctgegtege teggeggget cegggecceyg gegeccageg 1440
aggccectee cegtgegegg gegcecgceccce gactggteca tgctgttcege cgtgatcacce 1500
accatcttet ccgecgecga gaagcagtgg accaacctgg agtggaagece caagceccaac 1560
ccecceccage tgctggacga ccacttegge ccccacggcece tggtgttceeg cegcacctte 1620
geecatcegea gctacgaggt gggecccgac cgctccacca gecatcegtgge cgtgatgaac 1680
cacctgcagg aggccgecct gaaccacgece aagtcegtgg gcatcectggyg cgacggette 1740
ggcaccacce tggagatgte caagcgcgac ctgatctggg tggtgaageg cacccacgtg 1800
geegtggage gctaccccege ctggggcgac accgtggagg tggagtgetg ggtgggegec 1860
tceggcaaca acggecgecg ccacgactte ctggtgegeyg actgcaagac cggcgagatce 1920
ctgacccget gcaccteect gagcegtgatg atgaacacce gcacccgecyg cctgagcaag 1980
atccecgagg aggtgegegg cgagategge cecgecttea tcegacaacgt ggccgtgaag 2040
gacgaggaga tcaagaagcc ccagaagctg aacgactcca ccgccgacta catccaggge 2100
ggectgacee ceccgetggaa cgacctggac atcaaccage acgtgaacaa catcaagtac 2160
gtggactgga tcctggagac cgtgcccgac agcatctteg agagccacca catctcectece 2220
ttcaccatcg agtaccgeccg cgagtgcacce atggacagcg tgctgcagte cctgaccacce 2280
gtgagceggeyg gctectcecga ggceggectyg gtgtgegage acctgcetgca getggaggge 2340
ggcagcgagyg tgctgcgcege caagaccgag tggcegeccca agctgaccga ctectteege 2400
ggcatcageyg tgatccccge cgagtccage gtgatggact acaaggacca cgacggcgac 2460
tacaaggacc acgacatcga ctacaaggac gacgacgaca agtgactcga gttaattaac 2520
tcgaggcage agcagctcegg atagtatcga cacactctgg acgctggteg tgtgatggac 2580
tgttgcegee acacttgetg ccttgacctg tgaatatcce tgccgetttt atcaaacagce 2640
ctcagtgtgt ttgatcttgt gtgtacgcge ttttgcgagt tgctagctge ttgtgctatt 2700
tgcgaatacc acccccagca teccccttece tegtttcata tegcttgcat cccaaccgca 2760
acttatctac gectgtcctge tatccctcag cgetgctect getcectgcte actgecccte 2820
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gcacagcectt ggtttggget cegectgtat tcetectggta ctgcaacctyg taaaccagea

ctgcaatgcet gatgcacggg aagtagtggg atgggaacac aaatggaaag ctt

<210> SEQ ID NO 113
<211> LENGTH: 4817

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 113

ggtacccgee

gtgcttgggc

gccatgcetga

gecgggcaat

tccaggtggt

cagcagtgte

cagcaagaga

gaatggcace

gcaggagtca

tgcaagcatg

cacgcegttyg

caatgtggtyg

tgcatggcat

gccaaaccgg

atgctcatgg

acgcaatgca

gccacectte

cacattcatt

atggaatgceg

ccatagtgca

cgegecaget

gatcagctga

tccegectet

ctgggtggag

cgecegtgtte

cggegeccty

cgtgeectge

gggcgaggtyg

catcatggec

ccaccaggec

ccaggacgac

gaaggcccge

tgcaacgcaa

gectgecgee

ttgaggcttyg

gegecatggtg

tcaatcgegy

agcaaaggta

aggggtcaag

accaagtgtyg

tccaacgtaa

cctggegaag

agttggcage

gataggatge

cgcaccatca

agcgcaccga

acgcatgtag

gcacaggcag

ttgcggggtc

tgcatgeetyg

ggaccgccag

ttggactgca

cagcaacctyg

ttgccegget

agaatatcaa

cgectgtteg

cgectgtecy

aacgagctge

geegeegtge

cceggecagyg

gacgccatge

aagcaccgca

ctggacgagg

atgccegacyg

gggcagccac

tgcctgeege

gttcatcggyg

gcaagagggc

cagccagagg

gecagtttgee

tgcaaacacyg

tgcgagccag

ccatgagetyg

acacatggtg

aggctcagec

aagtggagcg

gcaggagcgc

gtgtccacac

cgctgacgte

cagaggegge

gegecccage

dagaagcgag

gctagcagca

tttgggtggg

tccegtgggt

cgcgaagtag

tgatcgagca

gctacgactyg

cccagggecyg

aggacgaggc

tggacgtggt

acctgetgte

gecegectgea

tcgagegege

agcaccaggg

gegaggacct

agcecgetece

atgcttgtge

tggaagctta

ggcagcactt

gatttcagat

agaatgatcg

ggcatgccac

catcgeegec

atcaacactg

tgcggatget

atgcactgga

aataccaaac

atgcgaaggg

tgtcaccagyg

ccttgacgge

ggcagcagag

cagcggtgat

gCtggggCCt

aaggcgecte

geggeegget

cceceegtgec

gegecctect

ggacggecte

ggcccageag

cceegtgetyg

cgeceegecty

gaccgaggece

ctcecacctyg

caccctggac

cecgeaccege

cectggececee

ggtggtgacc

accecgecget

tggtgaggct

tgtgtgtget

gctggagctg

gatcgegegt

gttcagetgt

agcacgggca

tggctgttte

caatcatcgg

geeggetget

tggcagctgg

cctetggety

actggccceca

ccegcaaget

getecteteg

cggcggcagc

gegetgatee

ttgggctggt

ccctactecy

gtttettteg

gatgaaatcg

ttctgetege

cacgcegget

accatecgget

ttcgtgaaga

tcectggetygy

ggcegegact

gececegecg

ccegecacct

atggaggccg

gecgagetgt

cacggcgacyg

2880
2933
Synthetic

gaaccgacac 60
gggcagtgcet 120
gggcttgcat 180
ccgeggtgece 240
acaggttgag 300
taatcaatgce 360
ccggggagty 420
agctacaacyg 480
gcgggcegtga 540
gcctgetgeg 600
gctgeccactg 660
cttgctgggt 720
tgcacgccat 780
ttgcagaacc 840
ggtgtgggaa 900
ageggcegggy 960
caaacgagtt 1020
gcagccecgea 1080
catcgatgtt 1140
tgttgcaaaa 1200
tgtgcacgcce 1260
cctetetecy 1320
cceecgecege 1380
gctceecgacgce 1440
ccgacctgte 1500
ccaccaccgg 1560
ggctgetget 1620
agaaggtgtc 1680
gccecttega 1740
gcctggtgga 1800
tcgeccgect 1860
cctgectgece 1920
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caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100
cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
cagtcacaac ccgcaaacgg cgcgccatgg tggecgeege cgectccage gecttettee 3120
cegtgecege ccceggegee tcccccaage ceggcaagtt cggcaactgyg ccctecagece 3180
tgagccccte cttcaagecce aagtccatcce ccaacggegyg cttecaggtyg aaggcecaacyg 3240
acagcgecca ccccaaggcece aacggcteeg cegtgagect gaagagcegge agcectgaaca 3300
cccaggagga cacctectcece agcccceeccece cecgecacctt cetgcaccag ctgeccgact 3360
ggagccgect gcetgaccgee atcaccaccg tgttcegtgaa gtccaagege cecgacatge 3420
acgaccgcaa gtccaagege cccgacatge tggtggacag ctteggectyg gagtccaccyg 3480
tgcaggacgg cctggtgttce cgccagtcect tctecatecg ctectacgag atcggcaccg 3540
accgcaccge cagcatcgag accctgatga accacctgea ggagacctece ctgaaccact 3600
gcaagagcac cggcatcctg ctggacggcet teggceegcac cctggagatg tgcaagcegeg 3660
acctgatctg ggtggtgatc aagatgcaga tcaaggtgaa ccgctaccce gectggggcyg 3720
acaccgtgga gatcaacacc cgcttcagece gectgggcaa gatcggcatyg ggccgegact 3780
ggctgatcte cgactgcaac accggcgaga tcctggtgeg cgccaccage gectacgeca 3840
tgatgaacca gaagacccgce cgectgteca agetgccecta cgaggtgcac caggagatcg 3900
tgccectgtt cgtggacage cccgtgatcg aggactcecga cctgaaggtg cacaagttca 3960
aggtgaagac cggcgacagc atccagaagg gectgaccee cggctggaac gacctggacg 4020
tgaaccagca cgtgtccaac gtgaagtaca tcggctggat cctggagagce atgcccaccg 4080
aggtgctgga gacccaggag ctgtgctecee tggecctgga gtaccgcecege gagtgeggece 4140
gegactceegt getggagage gtgaccgeca tggaccccag caaggtggge gtgegctecce 4200
agtaccagca cctgcetgege ctggaggacg gecaccgcecat cgtgaacgge gccaccgagt 4260
ggcgecccaa gaacgccgge gccaacggceg ccatctecac cggcaagacc agcaacggcea 4320
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actcegtgte catggactac aaggaccacg acggcgacta caaggaccac gacatcgact 4380
acaaggacga cgacgacaag tgactcgagg cagcagcage tceggatagta tcgacacact 4440
ctggacgctg gtcgtgtgat ggactgttgce cgccacactt gectgeccttga cctgtgaata 4500
tcectgecge ttttatcaaa cagcectcagt gtgtttgatce ttgtgtgtac gegettttge 4560
gagttgctag ctgcttgtge tatttgcgaa taccacccec agcatccect tcectegttt 4620
catatcgett gcatcccaac cgcaacttat ctacgctgtce ctgctatcce tcagcegectgce 4680
tcetgetect getcactgece cctecgcacag ccttggtttg ggctecgect gtattcectect 4740
ggtactgcaa cctgtaaacc agcactgcaa tgctgatgca cgggaagtag tgggatggga 4800
acacaaatgg aaagctt 4817
<210> SEQ ID NO 114
<211> LENGTH: 4665
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 114
ggtaccegee tgcaacgcaa gggcagccac agccgctcece acccgecget gaaccgacac 60
gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120
gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180
geegggcaat gegecatggtyg gcaagagggce ggcagcactt getggagetg cegeggtgece 240
tccaggtggt tcaatcgegg cagccagagg gatttcagat gatcgcegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgec agaatgatceg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgccac agcacgggca ccggggagtg 420
gaatggcacc accaagtgtg tgcgagccag catcgecgece tggetgtttce agetacaacy 480
gcaggagtca tccaacgtaa ccatgagetg atcaacactg caatcatcgg gegggcegtga 540
tgcaagcatg cctggcgaag acacatggtg tgecggatget gecggetget gectgetgeg 600
cacgeegttyg agttggcage aggctcagece atgcactgga tggcagetgyg gctgecactg 660
caatgtggtg gataggatgc aagtggagcg aataccaaac cctctggetyg cttgetgggt 720
tgcatggcat cgcaccatca gcaggagcege atgcgaaggyg actggcccca tgcacgcecat 780
gccaaaccygyg agcgcaccga gtgtccacac tgtcaccagg cccgcaaget ttgcagaacce 840
atgctcatgg acgcatgtag cgctgacgte cecttgacgge gctectceteyg ggtgtgggaa 900
acgcaatgca gcacaggcag cagaggceggce ggcagcagag cggcggcage agceggegggg 960
gccaccctte ttgeggggte gcgecccage cagcggtgat gegctgatcce caaacgagtt 1020
cacattcatt tgcatgcctg gagaagcgag gctggggect ttgggctggt gcagceccgca 1080
atggaatgcg ggaccgccag gctagcagca aaggcgcectce ccctactceeg catcgatgtt 1140
ccatagtgca ttggactgca tttgggtggg gcggccggct gtttecttteg tgttgcaaaa 1200
cgcgecaget cagcaacctg tecegtgggt ccecccgtgece gatgaaatcg tgtgcacgcece 1260
gatcagctga ttgcccggct cgcgaagtag gcgccctcecet ttetgctege cctetctecy 1320
tceegectet agaatatcaa tgatcgagca ggacggecte cacgecgget cccecgecge 1380
ctgggtggag cgcctgtteg gctacgactg ggcccagcag accatcgget getceccgacgce 1440
cgecgtgtte cgectgtecg cccagggcecg cceegtgetg ttcecgtgaaga ccgacctgte 1500
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cggegecctyg aacgagetge aggacgaggce cgeccgectyg tectggetgyg ccaccaccgg 1560
cgtgcectge gecgecgtge tggacgtggt gaccgaggcce ggccgcgact ggctgctget 1620
gggcgaggtyg ccecggecagg acctgetgte cteccacctyg gecccegecg agaaggtgte 1680
catcatggee gacgcecatge gecgectgea caccctggac ccecegecacct gccecttega 1740
ccaccaggece aagcaccgca tcgagegege cegeaccege atggaggecyg gectggtgga 1800
ccaggacgac ctggacgagg agcaccaggg cctggceccee gecgagetgt tcegeccgect 1860
gaaggccege atgeccgacg gcgaggacct ggtggtgace cacggegacg cctgectgece 1920
caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100
cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
cagtcacaac ccgcaaacac tagtatgacg tteggggteg cecteccgge catgggecge 3120
ggtgtcteee tteccececggee cagggtegeg gtgcgegceee agtcggcgag tcaggttttg 3180
gagagcggge gcegeccaget gceccgactgg agecgectge tgaccgecat caccaccgtg 3240
ttegtgaagt ccaagegeccce cgacatgcac gaccgcaagt ccaagcgcecce cgacatgcetg 3300
gtggacagct tcggcectgga gtccaccgtg caggacggec tggtgttceccg ccagtcectte 3360
tccatceget cctacgagat cggcaccgac cgcaccgeca gcatcgagac cctgatgaac 3420
cacctgcagg agacctcect gaaccactge aagagcaccyg gcatcctget ggacggette 3480
ggcecgcaccee tggagatgtg caagcgcgac ctgatctggg tggtgatcaa gatgcagatce 3540
aaggtgaacc gctaccccge ctggggegac accgtggaga tcaacaccceyg cttcagecge 3600
ctgggcaaga tcggcatggg ccgcgactgg ctgatcteeg actgcaacac cggcgagatce 3660
ctggtgegeg ccaccagege ctacgccatg atgaaccaga agacccgecyg cctgtccaag 3720
ctgcectacg aggtgcacca ggagatcgtg ccecctgtteg tggacagcce cgtgatcgag 3780
gactccgace tgaaggtgca caagttcaag gtgaagaccyg gcgacagcat ccagaagggce 3840
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ctgacccceg gctggaacga cctggacgtg aaccagcacyg tgtccaacgt gaagtacatce 3900
ggctggatcc tggagagcat gcccaccgag gtgctggaga cccaggagct gtgcectcectg 3960
geectggagt accgecgcega gtgeggecge gactceegtge tggagagegt gaccgccatg 4020
gaccccagea aggtgggcegt gcegetcccag taccagcacce tgctgegect ggaggacgge 4080
accgecateg tgaacggege caccgagtgg cgecccaaga acgecggege caacggegec 4140
atctccaccg gcaagaccag caacggcaac tcegtgteca tggactacaa ggaccacgac 4200
ggcgactaca aggaccacga catcgactac aaggacgacg acgacaagtg actcgaggca 4260
gcagcagcte ggatagtatc gacacactct ggacgctggt cgtgtgatgg actgttgecyg 4320
ccacacttgce tgccttgacc tgtgaatatc cctgccgett ttatcaaaca gectcagtgt 4380
gtttgatctt gtgtgtacgc gcttttgcga gttgctaget gettgtgecta tttgcgaata 4440
ccacccececag catceccectte cctegtttca tatcgcecttge atcccaaccg caacttatcet 4500
acgctgtect getatcecte agegetgcete ctgcectectge tcactgceccece tegcacagcece 4560
ttggtttggg ctccecgectgt attctectgg tactgcaacce tgtaaaccag cactgcaatg 4620
ctgatgcacg ggaagtagtyg ggatgggaac acaaatggaa agctt 4665
<210> SEQ ID NO 115
<211> LENGTH: 4668
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 115
ggtaccegee tgcaacgcaa gggcagccac agccgctcece acccgecget gaaccgacac 60
gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120
gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180
geegggcaat gegecatggtyg gcaagagggce ggcagcactt getggagetg cegeggtgece 240
tccaggtggt tcaatcgegg cagccagagg gatttcagat gatcgcegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgec agaatgatceg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgccac agcacgggca ccggggagtg 420
gaatggcacc accaagtgtg tgcgagccag catcgecgece tggetgtttce agetacaacy 480
gcaggagtca tccaacgtaa ccatgagetg atcaacactg caatcatcgg gegggcegtga 540
tgcaagcatg cctggcgaag acacatggtg tgecggatget gecggetget gectgetgeg 600
cacgeegttyg agttggcage aggctcagece atgcactgga tggcagetgyg gctgecactg 660
caatgtggtg gataggatgc aagtggagcg aataccaaac cctctggetyg cttgetgggt 720
tgcatggcat cgcaccatca gcaggagcege atgcgaaggyg actggcccca tgcacgcecat 780
gccaaaccygyg agcgcaccga gtgtccacac tgtcaccagg cccgcaaget ttgcagaacce 840
atgctcatgg acgcatgtag cgctgacgte cecttgacgge gctectceteyg ggtgtgggaa 900
acgcaatgca gcacaggcag cagaggceggce ggcagcagag cggcggcage agceggegggg 960
gccaccctte ttgeggggte gcgecccage cagcggtgat gegctgatcce caaacgagtt 1020
cacattcatt tgcatgcctg gagaagcgag gctggggect ttgggctggt gcagceccgca 1080
atggaatgcg ggaccgccag gctagcagca aaggcgcectce ccctactceeg catcgatgtt 1140
ccatagtgca ttggactgca tttgggtggg gcggccggct gtttecttteg tgttgcaaaa 1200
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cgcgecaget cagcaacctg tecegtgggt ccecccgtgece gatgaaatcg tgtgcacgcece 1260
gatcagctga ttgcccggct cgcgaagtag gcgccctcecet ttetgctege cctetctecy 1320
tceegectet agaatatcaa tgatcgagca ggacggecte cacgecgget cccecgecge 1380
ctgggtggag cgcctgtteg gctacgactg ggcccagcag accatcgget getceccgacgce 1440
cgecgtgtte cgectgtecg cccagggcecg cceegtgetg ttcecgtgaaga ccgacctgte 1500
cggegecctyg aacgagetge aggacgaggce cgeccgectyg tectggetgyg ccaccaccgg 1560
cgtgcectge gecgecgtge tggacgtggt gaccgaggcce ggccgcgact ggctgctget 1620
gggcgaggtyg ccecggecagg acctgetgte cteccacctyg gecccegecg agaaggtgte 1680
catcatggee gacgcecatge gecgectgea caccctggac ccecegecacct gccecttega 1740
ccaccaggece aagcaccgca tcgagegege cegeaccege atggaggecyg gectggtgga 1800
ccaggacgac ctggacgagg agcaccaggg cctggceccee gecgagetgt tcegeccgect 1860
gaaggccege atgeccgacg gcgaggacct ggtggtgace cacggegacg cctgectgece 1920
caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100
cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
cagtcacaac ccgcaaacac tagtatgget atcaagacga acaggcagece tgtggagaag 3120
cctecegtteca cgatcgggac getgcgcaag gccatcececg cgcactgttt cgagegetceg 3180
gegettegtyg ggegegecca getgeccgac tggagecgee tgctgaccge catcaccacce 3240
gtgttcegtga agtccaageg ccccgacatg cacgaccgca agtccaageg cceccgacatg 3300
ctggtggaca gcttecggect ggagtccacce gtgcaggacg gectggtgtt cecgeccagtcece 3360
ttcteccatece getectacga gatcggcace gaccgcaccg ccagcatcga gaccctgatg 3420
aaccacctge aggagacctc cctgaaccac tgcaagagca ccggcatcect gcetggacgge 3480
ttecggeegca ccecctggagat gtgcaagcecge gacctgatcect gggtggtgat caagatgcag 3540
atcaaggtga accgctaccce cgecctgggge gacaccgtgg agatcaacac ccgcttcage 3600
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cgectgggea agatcggcat gggccgegac tggetgatet cegactgcaa caccggcgag 3660
atcctggtge gegecaccag cgcctacgece atgatgaacce agaagacccyg ccgectgtee 3720
aagctgceccct acgaggtgca ccaggagatc gtgcccetgt tegtggacag ccccgtgatce 3780
gaggactceyg acctgaaggt gcacaagttc aaggtgaaga ccggcgacag catccagaag 3840
ggectgacee ceggctggaa cgacctggac gtgaaccage acgtgtccaa cgtgaagtac 3900
atcggcetgga tecctggagag catgcccacce gaggtgcectgg agacccagga gcetgtgectcece 3960
ctggecctgg agtaccgecg cgagtgegge cgegacteeg tgctggagag cgtgaccgece 4020
atggacccca gcaaggtggg cgtgcgetece cagtaccage acctgctgeg cctggaggac 4080
ggcaccgeca tegtgaacgg cgccaccgag tggcegeccca agaacgcecgg cgcecaacgge 4140
gecatcteca ccggcaagac cagcaacggce aactcegtgt ccatggacta caaggaccac 4200
gacggcgact acaaggacca cgacatcgac tacaaggacg acgacgacaa gtgactcgag 4260
gcagcagcag ctcggatagt atcgacacac tctggacgcet ggtcgtgtga tggactgttg 4320
ccgccacact tgctgecttg acctgtgaat atcecctgecg cttttatcaa acagectcag 4380
tgtgtttgat cttgtgtgta cgcgcttttg cgagttgcta gectgcttgtg ctatttgega 4440
ataccacccce cagcatccece tteccctegtt tcatatceget tgcatcccaa ccgcaactta 4500
tctacgetgt cctgctatcece ctcagegetg ctectgetece tgctcactge cectegcaca 4560
geccttggttt gggctececgee tgtattctece tggtactgca acctgtaaac cagcactgca 4620
atgctgatgce acgggaagta gtgggatggg aacacaaatg gaaagctt 4668
<210> SEQ ID NO 116
<211> LENGTH: 4668
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 116
ggtaccegee tgcaacgcaa gggcagccac agccgctcece acccgecget gaaccgacac 60
gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120
gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180
geegggcaat gegecatggtyg gcaagagggce ggcagcactt getggagetg cegeggtgece 240
tccaggtggt tcaatcgegg cagccagagg gatttcagat gatcgcegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgec agaatgatceg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgccac agcacgggca ccggggagtg 420
gaatggcacc accaagtgtg tgcgagccag catcgecgece tggetgtttce agetacaacy 480
gcaggagtca tccaacgtaa ccatgagetg atcaacactg caatcatcgg gegggcegtga 540
tgcaagcatg cctggcgaag acacatggtg tgecggatget gecggetget gectgetgeg 600
cacgeegttyg agttggcage aggctcagece atgcactgga tggcagetgyg gctgecactg 660
caatgtggtg gataggatgc aagtggagcg aataccaaac cctctggetyg cttgetgggt 720
tgcatggcat cgcaccatca gcaggagcege atgcgaaggyg actggcccca tgcacgcecat 780
gccaaaccygyg agcgcaccga gtgtccacac tgtcaccagg cccgcaaget ttgcagaacce 840
atgctcatgg acgcatgtag cgctgacgte cecttgacgge gctectceteyg ggtgtgggaa 900
acgcaatgca gcacaggcag cagaggceggce ggcagcagag cggcggcage agceggegggg 960
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gccaccctte ttgeggggte gcgecccage cagcggtgat gegctgatcce caaacgagtt 1020
cacattcatt tgcatgcctg gagaagcgag gctggggect ttgggctggt gcagceccgca 1080
atggaatgcg ggaccgccag gctagcagca aaggcgcectce ccctactceeg catcgatgtt 1140
ccatagtgca ttggactgca tttgggtggg gcggccggct gtttecttteg tgttgcaaaa 1200
cgcgecaget cagcaacctg tecegtgggt ccecccgtgece gatgaaatcg tgtgcacgcece 1260
gatcagctga ttgcccggct cgcgaagtag gcgccctcecet ttetgctege cctetctecy 1320
tceegectet agaatatcaa tgatcgagca ggacggecte cacgecgget cccecgecge 1380
ctgggtggag cgcctgtteg gctacgactg ggcccagcag accatcgget getceccgacgce 1440
cgecgtgtte cgectgtecg cccagggcecg cceegtgetg ttcecgtgaaga ccgacctgte 1500
cggegecctyg aacgagetge aggacgaggce cgeccgectyg tectggetgyg ccaccaccgg 1560
cgtgcectge gecgecgtge tggacgtggt gaccgaggcce ggccgcgact ggctgctget 1620
gggcgaggtyg ccecggecagg acctgetgte cteccacctyg gecccegecg agaaggtgte 1680
catcatggee gacgcecatge gecgectgea caccctggac ccecegecacct gccecttega 1740
ccaccaggece aagcaccgca tcgagegege cegeaccege atggaggecyg gectggtgga 1800
ccaggacgac ctggacgagg agcaccaggg cctggceccee gecgagetgt tcegeccgect 1860
gaaggccege atgeccgacg gcgaggacct ggtggtgace cacggegacg cctgectgece 1920
caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100
cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
cagtcacaac ccgcaaacac tagtatggcc accgcatcca ctttcectcecgge gttcaatgece 3120
cgetgeggeg acctgegteg cteggeggge tecgggeccee ggegeccage gaggeccecte 3180
cecegtgegeg ggcegegecca getgeccgac tggagcecgece tgctgaccege catcaccace 3240
gtgttcegtga agtccaageg ccccgacatg cacgaccgca agtccaageg cceccgacatg 3300
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ctggtggaca gcttecggect ggagtccacce gtgcaggacg gectggtgtt cecgeccagtcece 3360
ttcteccatece getectacga gatcggcace gaccgcaccg ccagcatcga gaccctgatg 3420
aaccacctge aggagacctc cctgaaccac tgcaagagca ccggcatcect gcetggacgge 3480
ttecggeegca ccecctggagat gtgcaagcecge gacctgatcect gggtggtgat caagatgcag 3540
atcaaggtga accgctaccce cgecctgggge gacaccgtgg agatcaacac ccgcttcage 3600
cgectgggea agatcggcat gggccgegac tggetgatet cegactgcaa caccggcgag 3660
atcctggtge gegecaccag cgcctacgece atgatgaacce agaagacccyg ccgectgtee 3720
aagctgceccct acgaggtgca ccaggagatc gtgcccetgt tegtggacag ccccgtgatce 3780
gaggactceyg acctgaaggt gcacaagttc aaggtgaaga ccggcgacag catccagaag 3840
ggectgacee ceggctggaa cgacctggac gtgaaccage acgtgtccaa cgtgaagtac 3900
atcggcetgga tecctggagag catgcccacce gaggtgcectgg agacccagga gcetgtgectcece 3960
ctggecctgg agtaccgecg cgagtgegge cgegacteeg tgctggagag cgtgaccgece 4020
atggacccca gcaaggtggg cgtgcgetece cagtaccage acctgctgeg cctggaggac 4080
ggcaccgeca tegtgaacgg cgccaccgag tggcegeccca agaacgcecgg cgcecaacgge 4140
gecatcteca ccggcaagac cagcaacggce aactcegtgt ccatggacta caaggaccac 4200
gacggcgact acaaggacca cgacatcgac tacaaggacg acgacgacaa gtgactcgag 4260
gcagcagcag ctcggatagt atcgacacac tctggacgcet ggtcgtgtga tggactgttg 4320
ccgccacact tgctgecttg acctgtgaat atcecctgecg cttttatcaa acagectcag 4380
tgtgtttgat cttgtgtgta cgcgcttttg cgagttgcta gectgcttgtg ctatttgega 4440
ataccacccce cagcatccece tteccctegtt tcatatceget tgcatcccaa ccgcaactta 4500
tctacgetgt cctgctatcece ctcagegetg ctectgetece tgctcactge cectegcaca 4560
geccttggttt gggctececgee tgtattctece tggtactgca acctgtaaac cagcactgca 4620
atgctgatgce acgggaagta gtgggatggg aacacaaatg gaaagctt 4668
<210> SEQ ID NO 117
<211> LENGTH: 4656
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 117
ggtaccegee tgcaacgcaa gggcagccac agccgctcece acccgecget gaaccgacac 60
gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120
gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180
geegggcaat gegecatggtyg gcaagagggce ggcagcactt getggagetg cegeggtgece 240
tccaggtggt tcaatcgegg cagccagagg gatttcagat gatcgcegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgec agaatgatceg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgccac agcacgggca ccggggagtg 420
gaatggcacc accaagtgtg tgcgagccag catcgecgece tggetgtttce agetacaacy 480
gcaggagtca tccaacgtaa ccatgagetg atcaacactg caatcatcgg gegggcegtga 540
tgcaagcatg cctggcgaag acacatggtg tgecggatget gecggetget gectgetgeg 600
cacgeegttyg agttggcage aggctcagece atgcactgga tggcagetgyg gctgecactg 660
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caatgtggtg gataggatgc aagtggagcg aataccaaac cctctggetyg cttgetgggt 720
tgcatggcat cgcaccatca gcaggagcege atgcgaaggyg actggcccca tgcacgcecat 780
gccaaaccygyg agcgcaccga gtgtccacac tgtcaccagg cccgcaaget ttgcagaacce 840
atgctcatgg acgcatgtag cgctgacgte cecttgacgge gctectceteyg ggtgtgggaa 900
acgcaatgca gcacaggcag cagaggceggce ggcagcagag cggcggcage agceggegggg 960
gccaccctte ttgeggggte gcgecccage cagcggtgat gegctgatcce caaacgagtt 1020
cacattcatt tgcatgcctg gagaagcgag gctggggect ttgggctggt gcagceccgca 1080
atggaatgcg ggaccgccag gctagcagca aaggcgcectce ccctactceeg catcgatgtt 1140
ccatagtgca ttggactgca tttgggtggg gcggccggct gtttecttteg tgttgcaaaa 1200
cgcgecaget cagcaacctg tecegtgggt ccecccgtgece gatgaaatcg tgtgcacgcece 1260
gatcagctga ttgcccggct cgcgaagtag gcgccctcecet ttetgctege cctetctecy 1320
tceegectet agaatatcaa tgatcgagca ggacggecte cacgecgget cccecgecge 1380
ctgggtggag cgcctgtteg gctacgactg ggcccagcag accatcgget getceccgacgce 1440
cgecgtgtte cgectgtecg cccagggcecg cceegtgetg ttcecgtgaaga ccgacctgte 1500
cggegecctyg aacgagetge aggacgaggce cgeccgectyg tectggetgyg ccaccaccgg 1560
cgtgcectge gecgecgtge tggacgtggt gaccgaggcce ggccgcgact ggctgctget 1620
gggcgaggtyg ccecggecagg acctgetgte cteccacctyg gecccegecg agaaggtgte 1680
catcatggee gacgcecatge gecgectgea caccctggac ccecegecacct gccecttega 1740
ccaccaggece aagcaccgca tcgagegege cegeaccege atggaggecyg gectggtgga 1800
ccaggacgac ctggacgagg agcaccaggg cctggceccee gecgagetgt tcegeccgect 1860
gaaggccege atgeccgacg gcgaggacct ggtggtgace cacggegacg cctgectgece 1920
caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100
cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
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cagtcacaac ccgcaaacac tagtatggct tccgcggcat tcaccatgte ggcgtgcccce 3120
gegatgactyg gcagggcccee tggggcacgt cgctceeggac ggccagtege cacccgectg 3180
agggggcgeg ccccecgactyg gagccgectyg ctgaccgeca tcaccaccegt gttegtgaag 3240
tccaagegee ccgacatgca cgaccgcaag tcecaagcegece ccgacatget ggtggacage 3300
tteggectgg agtccaccegt gcaggacggce ctggtgttcecce geccagtcectt ctecatceccege 3360
tcctacgaga tceggcaccga ccgcaccgece agcatcgaga ccectgatgaa ccacctgcag 3420
gagacctcee tgaaccactg caagagcacce ggcatcctge tggacggett cggecgcacce 3480
ctggagatgt gcaagcgcga cctgatctgg gtggtgatca agatgcagat caaggtgaac 3540
cgctacceeg cctggggega caccgtggag atcaacacce gcettcagecyg cctgggcaag 3600
atcggcatgg geccgcgactg gcetgatctcee gactgcaaca ccggcgagat cctggtgegce 3660
gecaccageyg cctacgccat gatgaaccag aagacccgec gectgtcecaa getgecctac 3720
gaggtgcacc aggagatcgt gccecctgttce gtggacagec ccgtgatcga ggactccgac 3780
ctgaaggtgce acaagttcaa ggtgaagacc ggcgacagca tccagaaggyg cctgacccce 3840
ggctggaacg acctggacgt gaaccagcac gtgtccaacg tgaagtacat cggctggatce 3900
ctggagagca tgcccaccga ggtgctggag acccaggage tgtgctccect ggcectggag 3960
taccgecgeg agtgeggecg cgacteegtyg ctggagageg tgaccgcecat ggaccccage 4020
aaggtgggeg tgcgcetcecca gtaccagecac ctgetgegece tggaggacgyg caccgecate 4080
gtgaacggeyg ccaccgagtg gcgecccaag aacgccggeg ccaacggege catctccacce 4140
ggcaagacca gcaacggcaa ctcegtgtcece atggactaca aggaccacga cggcgactac 4200
aaggaccacg acatcgacta caaggacgac gacgacaagt gactcgaggce agcagcagct 4260
cggatagtat cgacacactc tggacgctgg tcgtgtgatg gactgttgcce geccacacttg 4320
ctgccttgac ctgtgaatat ccctgccgcet tttatcaaac agcctcagtg tgtttgatct 4380
tgtgtgtacg cgcttttgeg agttgctage tgcttgtget atttgcgaat accaccccca 4440
gcatcceett cectegttte atatcgettg catcccaacce gcaacttatce tacgectgtcece 4500
tgctatcecct cagcgctget ccectgctectg ctcactgece ctcecgcacage cttggtttgg 4560
gcteegecetyg tattctectg gtactgcaac ctgtaaacca gcactgcaat gctgatgcac 4620
gggaagtagt gggatgggaa cacaaatgga aagctt 4656
<210> SEQ ID NO 118
<211> LENGTH: 4721
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 118
ggtaccegee tgcaacgcaa gggcagccac agccgctcece acccgecget gaaccgacac 60
gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120
gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180
geegggcaat gegecatggtyg gcaagagggce ggcagcactt getggagetg cegeggtgece 240
tccaggtggt tcaatcgegg cagccagagg gatttcagat gatcgcegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgec agaatgatceg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgccac agcacgggca ccggggagtg 420
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gaatggcacc accaagtgtg tgcgagccag catcgecgece tggetgtttce agetacaacy 480
gcaggagtca tccaacgtaa ccatgagetg atcaacactg caatcatcgg gegggcegtga 540
tgcaagcatg cctggcgaag acacatggtg tgecggatget gecggetget gectgetgeg 600
cacgeegttyg agttggcage aggctcagece atgcactgga tggcagetgyg gctgecactg 660
caatgtggtg gataggatgc aagtggagcg aataccaaac cctctggetyg cttgetgggt 720
tgcatggcat cgcaccatca gcaggagcege atgcgaaggyg actggcccca tgcacgcecat 780
gccaaaccygyg agcgcaccga gtgtccacac tgtcaccagg cccgcaaget ttgcagaacce 840
atgctcatgg acgcatgtag cgctgacgte cecttgacgge gctectceteyg ggtgtgggaa 900
acgcaatgca gcacaggcag cagaggceggce ggcagcagag cggcggcage agceggegggg 960
gccaccctte ttgeggggte gcgecccage cagcggtgat gegctgatcce caaacgagtt 1020
cacattcatt tgcatgcctg gagaagcgag gctggggect ttgggctggt gcagceccgca 1080
atggaatgcg ggaccgccag gctagcagca aaggcgcectce ccctactceeg catcgatgtt 1140
ccatagtgca ttggactgca tttgggtggg gcggccggct gtttecttteg tgttgcaaaa 1200
cgcgecaget cagcaacctg tecegtgggt ccecccgtgece gatgaaatcg tgtgcacgcece 1260
gatcagctga ttgcccggct cgcgaagtag gcgccctcecet ttetgctege cctetctecy 1320
tceegectet agaatatcaa tgatcgagca ggacggecte cacgecgget cccecgecge 1380
ctgggtggag cgcctgtteg gctacgactg ggcccagcag accatcgget getceccgacgce 1440
cgecgtgtte cgectgtecg cccagggcecg cceegtgetg ttcecgtgaaga ccgacctgte 1500
cggegecctyg aacgagetge aggacgaggce cgeccgectyg tectggetgyg ccaccaccgg 1560
cgtgcectge gecgecgtge tggacgtggt gaccgaggcce ggccgcgact ggctgctget 1620
gggcgaggtyg ccecggecagg acctgetgte cteccacctyg gecccegecg agaaggtgte 1680
catcatggee gacgcecatge gecgectgea caccctggac ccecegecacct gccecttega 1740
ccaccaggece aagcaccgca tcgagegege cegeaccege atggaggecyg gectggtgga 1800
ccaggacgac ctggacgagg agcaccaggg cctggceccee gecgagetgt tcegeccgect 1860
gaaggccege atgeccgacg gcgaggacct ggtggtgace cacggegacg cctgectgece 1920
caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100
cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
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gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
cagtcacaac ccgcaaacgg cgcgccatgg ccaccaccag cctggectee gecttetget 3120
ccatgaaggce cgtgatgetg geccgegacg gecgeggeat gaagecccege agcetcecgace 3180
tgcagetgeg cgccggcaac geccccacct cectgaagat gatcaacgge accaagttca 3240
gctacaccga gagcectgaag cgcctgeccg actggtccat getgttegece gtgatcacca 3300
ccatcttcag cgccgecgag aagcagtgga ccaacctgga gtggaagcecce aagcccaagce 3360
tgcceccaget getggacgac cacttceggcece tgcacggect ggtgttceccge cgcacctteg 3420
ccatcegete ctacgaggtg ggccccgacce geagcaccte catcctggece gtgatgaace 3480
acatgcagga ggccaccctg aaccacgceca agagegtggg catcctggge gacggetteg 3540
gcaccaccct ggagatgtcee aagegecgace tgatgtgggt ggtgcegecge acccacgtgg 3600
cegtggageg ctaccccace tggggcgaca cegtggaggt ggagtgcetgyg atcggegceca 3660
geggcaacaa cggcatgcge cgcgacttcee tggtgegcega ctgcaagacc ggcgagatcce 3720
tgaccegetyg caccteectyg agegtgetga tgaacacceg cacccgecge ctgagcacca 3780
tcececgacga ggtgegegge gagatcggece cegectteat cgacaacgtyg gcecgtgaagg 3840
acgacgagat caagaagctg cagaagctga acgactccac cgcecgactac atccagggceg 3900
gectgaccee cegetggaac gacctggacg tgaaccagca cgtgaacaac ctgaagtacg 3960
tggcectgggt gttcgagacce gtgcccgaca gcatcttcega gtcccaccac atcagctect 4020
tcaccctgga gtaccgecge gagtgcaccce gegactcegt getgegcage ctgaccaccyg 4080
tgagecggegg cagctecgag gecggectgg tgtgcgacca ccetgetgcag ctggagggceyg 4140
gcagcgaggt gcetgegegee cgcaccgagt ggcgcecccaa getgaccgac tecttecegeg 4200
gcatcagegt gatccccgee gagecccgeg tgatggacta caaggaccac gacggcgact 4260
acaaggacca cgacatcgac tacaaggacg acgacgacaa gtgatgactc gaggcagcag 4320
cagctcggat agtatcgaca cactctggac gctggtegtg tgatggactg ttgccgccac 4380
acttgctgcece ttgacctgtg aatatccctg ccgcecttttat caaacagcct cagtgtgttt 4440
gatcttgtgt gtacgcgctt ttgcgagttg ctagctgctt gtgctatttg cgaataccac 4500
ccecagcecate cectteccecte gtttcatate gcttgcatcecce caaccgcaac ttatctacgce 4560
tgtcctgeta teccctcageg ctgctectge tectgctcecac tgccecctege acagecttgg 4620
tttgggctce gectgtatte tectggtact gcaacctgta aaccagcact gcaatgctga 4680
tgcacgggaa gtagtgggat gggaacacaa atggaaagct t 4721
<210> SEQ ID NO 119
<211> LENGTH: 4650
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 119
ggtaccegee tgcaacgcaa gggcagccac agccgctcece acccgecget gaaccgacac 60
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gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120
gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180
geegggcaat gegecatggtyg gcaagagggce ggcagcactt getggagetg cegeggtgece 240
tccaggtggt tcaatcgegg cagccagagg gatttcagat gatcgcegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgec agaatgatceg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgccac agcacgggca ccggggagtg 420
gaatggcacc accaagtgtg tgcgagccag catcgecgece tggetgtttce agetacaacy 480
gcaggagtca tccaacgtaa ccatgagetg atcaacactg caatcatcgg gegggcegtga 540
tgcaagcatg cctggcgaag acacatggtg tgecggatget gecggetget gectgetgeg 600
cacgeegttyg agttggcage aggctcagece atgcactgga tggcagetgyg gctgecactg 660
caatgtggtg gataggatgc aagtggagcg aataccaaac cctctggetyg cttgetgggt 720
tgcatggcat cgcaccatca gcaggagcege atgcgaaggyg actggcccca tgcacgcecat 780
gccaaaccygyg agcgcaccga gtgtccacac tgtcaccagg cccgcaaget ttgcagaacce 840
atgctcatgg acgcatgtag cgctgacgte cecttgacgge gctectceteyg ggtgtgggaa 900
acgcaatgca gcacaggcag cagaggceggce ggcagcagag cggcggcage agceggegggg 960
gccaccctte ttgeggggte gcgecccage cagcggtgat gegctgatcce caaacgagtt 1020
cacattcatt tgcatgcctg gagaagcgag gctggggect ttgggctggt gcagceccgca 1080
atggaatgcg ggaccgccag gctagcagca aaggcgcectce ccctactceeg catcgatgtt 1140
ccatagtgca ttggactgca tttgggtggg gcggccggct gtttecttteg tgttgcaaaa 1200
cgcgecaget cagcaacctg tecegtgggt ccecccgtgece gatgaaatcg tgtgcacgcece 1260
gatcagctga ttgcccggct cgcgaagtag gcgccctcecet ttetgctege cctetctecy 1320
tceegectet agaatatcaa tgatcgagca ggacggecte cacgecgget cccecgecge 1380
ctgggtggag cgcctgtteg gctacgactg ggcccagcag accatcgget getceccgacgce 1440
cgecgtgtte cgectgtecg cccagggcecg cceegtgetg ttcecgtgaaga ccgacctgte 1500
cggegecctyg aacgagetge aggacgaggce cgeccgectyg tectggetgyg ccaccaccgg 1560
cgtgcectge gecgecgtge tggacgtggt gaccgaggcce ggccgcgact ggctgctget 1620
gggcgaggtyg ccecggecagg acctgetgte cteccacctyg gecccegecg agaaggtgte 1680
catcatggee gacgcecatge gecgectgea caccctggac ccecegecacct gccecttega 1740
ccaccaggece aagcaccgca tcgagegege cegeaccege atggaggecyg gectggtgga 1800
ccaggacgac ctggacgagg agcaccaggg cctggceccee gecgagetgt tcegeccgect 1860
gaaggccege atgeccgacg gcgaggacct ggtggtgace cacggegacg cctgectgece 1920
caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100
cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
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tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
cagtcacaac ccgcaaacac tagtatgacg tteggggteg cecteccgge catgggecge 3120
ggtgtcteee tteccececggee cagggtegeg gtgcgegceee agtcggcgag tcaggttttg 3180
gagagcgggce gcgceccccga ctggtccatg ctgttegceeg tgatcaccac catcttcage 3240
geegecgaga agcagtggac caacctggag tggaagecca ageccaagcet gecccagetg 3300
ctggacgacc acttcggect gcacggectg gtgttceccecgece gecaccttege catccgetcece 3360
tacgaggtgg gccccgaccg cagcacctee atectggecyg tgatgaacca catgcaggag 3420
gecaccctga accacgccaa gagegtggge atcctgggeg acggcettegg caccaccctg 3480
gagatgtcca agcgcgacct gatgtgggtg gtgcgecgea ccecacgtgge cgtggagege 3540
tacceccacct ggggegacac cgtggaggtg gagtgctgga teggcgcecag cggcaacaac 3600
ggcatgegee gegacttect ggtgegegac tgcaagaccyg gegagatcct gacccgetge 3660
acctecectga gegtgetgat gaacaccege acccgcecgece tgagcaccat ccccgacgag 3720
gtgcgeggeyg agatcggcece cgcecttcatce gacaacgtgg ccgtgaagga cgacgagatce 3780
aagaagctgce agaagctgaa cgactccacce gecgactaca tcecagggegyg cctgacccce 3840
cgetggaacyg acctggacgt gaaccagcac gtgaacaacce tgaagtacgt ggcctgggtg 3900
ttcgagaccg tgcccgacag catcttecgag tcccaccaca tcagctcectt caccctggag 3960
taccgecgeg agtgcaccceg cgacteegtg ctgegcagece tgaccaccegt gageggegge 4020
agctecgagg ccggectggt gtgcgaccac ctgetgcage tggagggegyg cagcgaggtyg 4080
ctgegegece gcaccgagtyg gegcecccaag ctgaccgact ccttecgegyg catcagegtyg 4140
atccecgeceg agecccgegt gatggactac aaggaccacyg acggcgacta caaggaccac 4200
gacatcgact acaaggacga cgacgacaag tgatgactcg aggcagcagc agctcggata 4260
gtatcgacac actctggacg ctggtcgtgt gatggactgt tgccgccaca cttgctgect 4320
tgacctgtga atatccctge cgcttttate aaacagectc agtgtgtttg atcttgtgtg 4380
tacgcgettt tgcgagttge tagctgecttg tgctatttge gaataccacce cccagcatcce 4440
cctteecteg tttcatateg cttgcatcce aaccgcaact tatctacget gtectgetat 4500
ccetecagege tgctectget ccectgctcact gceccectegeca cagecttggt ttgggcetecg 4560
cctgtattet cctggtactg caacctgtaa accagcactg caatgctgat gcacgggaag 4620
tagtgggatg ggaacacaaa tggaaagctt 4650

<210> SEQ ID NO 120
<211> LENGTH: 4653

<212> TYPE:

DNA
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 120

ggtaccegee tgcaacgcaa gggcagccac agccgctceee accegecget gaaccgacac 60
gtgcttggge gectgecegee tgectgecege atgettgtge tggtgagget gggeagtget 120
gecatgetga ttgaggettg gttcatceggyg tggaagetta tgtgtgtget gggettgeat 180

gecgggcaat gegcatggtg gcaagaggge ggcagcactt getggagetyg cegeggtgec 240

tccaggtggt tcaategegg cagecagagg gatttcagat gategegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgece agaatgateg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgecac agcacgggca ccggggagtg 420
gaatggcacce accaagtgtg tgcgagccag catcgccgece tggetgttte agetacaacyg 480
gcaggagtca tccaacgtaa ccatgagctyg atcaacactg caatcatcgg gegggegtga 540
tgcaagcatyg cctggecgaag acacatggtg tgeggatget gecggetget gectgetgeg 600
cacgcegttyg agttggeage aggctcagece atgcactgga tggcagetgg getgecactg 660
caatgtggtyg gataggatgce aagtggageg aataccaaac cctetggetg cttgetgggt 720
tgcatggcat cgcaccatca gcaggagege atgcgaaggg actggeccca tgcacgecat 780
gccaaaccgg agegcaccga gtgtccacac tgtcaccagg cccgcaaget ttgcagaacce 840
atgctcatgg acgcatgtag cgctgacgte ccttgacgge getecteteg ggtgtgggaa 900

acgcaatgca gcacaggcag cagaggceggce ggcagcagag cggcggcage agceggegggg 960
gccaccctte ttgeggggte gcgecccage cagcggtgat gegctgatcce caaacgagtt 1020
cacattcatt tgcatgcctg gagaagcgag gctggggect ttgggctggt gcagceccgca 1080
atggaatgcg ggaccgccag gctagcagca aaggcgcectce ccctactceeg catcgatgtt 1140
ccatagtgca ttggactgca tttgggtggg gcggccggct gtttecttteg tgttgcaaaa 1200
cgcgecaget cagcaacctg tecegtgggt ccecccgtgece gatgaaatcg tgtgcacgcece 1260
gatcagctga ttgcccggct cgcgaagtag gcgccctcecet ttetgctege cctetctecy 1320
tceegectet agaatatcaa tgatcgagca ggacggecte cacgecgget cccecgecge 1380
ctgggtggag cgcctgtteg gctacgactg ggcccagcag accatcgget getceccgacgce 1440
cgecgtgtte cgectgtecg cccagggcecg cceegtgetg ttcecgtgaaga ccgacctgte 1500
cggegecctyg aacgagetge aggacgaggce cgeccgectyg tectggetgyg ccaccaccgg 1560
cgtgcectge gecgecgtge tggacgtggt gaccgaggcce ggccgcgact ggctgctget 1620
gggcgaggtyg ccecggecagg acctgetgte cteccacctyg gecccegecg agaaggtgte 1680
catcatggee gacgcecatge gecgectgea caccctggac ccecegecacct gccecttega 1740
ccaccaggece aagcaccgca tcgagegege cegeaccege atggaggecyg gectggtgga 1800
ccaggacgac ctggacgagg agcaccaggg cctggceccee gecgagetgt tcegeccgect 1860
gaaggccege atgeccgacg gcgaggacct ggtggtgace cacggegacg cctgectgece 1920
caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100

cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
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atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
cagtcacaac ccgcaaacac tagtatgget atcaagacga acaggcagece tgtggagaag 3120
cctecegtteca cgatcgggac getgcgcaag gccatcececg cgcactgttt cgagegetceg 3180
gcgettegtyg ggcgegecce cgactggtcece atgctgtteg ccgtgatcac caccatctte 3240
agcgecgecg agaagcagtg gaccaacctg gagtggaage ccaagcccaa gctgecccag 3300
ctgctggacg accacttegg cctgcacgge ctggtgttece geccgcacctt cgccatccgce 3360
tcctacgagg tgggecccga ccgcageace tecatcctgg cegtgatgaa ccacatgcag 3420
gaggccacee tgaaccacgce caagagcegtg ggcatcectgg gegacggett cggcaccacce 3480
ctggagatgt ccaagcgcga cctgatgtgg gtggtgcgece gcacccacgt ggccgtggag 3540
cgctacccca cctggggega caccgtggag gtggagtget ggatcggege cagceggcaac 3600
aacggcatgce gccgegactt cctggtgege gactgcaaga ceggcgagat cctgacccge 3660
tgcacctcee tgagegtgcet gatgaacacce cgeacccegece gectgagcac catccccgac 3720
gaggtgegeyg gcgagatcgg ccccegectte atcgacaacyg tggccgtgaa ggacgacgag 3780
atcaagaagc tgcagaagct gaacgactcce accgecgact acatccaggyg cggectgace 3840
ccecgetgga acgacctgga cgtgaaccag cacgtgaaca acctgaagta cgtggectgg 3900
gtgttcgaga ccgtgcccga cagcatcttce gagtcccacce acatcagcetce cttcaccectg 3960
gagtaccgee gcgagtgcac ccgegactcece gtgctgegea gectgaccac cgtgagegge 4020
ggcagcteeyg aggecggect ggtgtgcgac cacctgetge agetggaggg cggcagcegag 4080
gtgetgegeyg cecgcaccga gtggegecce aagctgacceg actccttecg cggeatcage 4140
gtgatcceeyg cecgagecceg cgtgatggac tacaaggacce acgacggcga ctacaaggac 4200
cacgacatcg actacaagga cgacgacgac aagtgatgac tcgaggcage agcagcetcgg 4260
atagtatcga cacactctgg acgctggtcg tgtgatggac tgttgccgec acacttgetg 4320
ccttgacctg tgaatatccce tgccgcetttt atcaaacage ctcagtgtgt ttgatcttgt 4380
gtgtacgcge ttttgcgagt tgctagetge ttgtgctatt tgcgaatacc acccccagca 4440
tceecttece tegtttcata tegettgcat cccaaccgca acttatctac getgtcectge 4500
tatccctecag cgctgctect getectgcecte actgeccecte gecacagectt ggtttggget 4560
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ccgectgtat tetectggta ctgcaacctyg taaaccagea ctgcaatget gatgcacggg

aagtagtggg atgggaacac aaatggaaag ctt

<210> SEQ ID NO 121
<211> LENGTH: 4653

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 121

ggtacccgee

gtgcttgggc

gccatgcetga

gecgggcaat

tccaggtggt

cagcagtgte

cagcaagaga

gaatggcace

gcaggagtca

tgcaagcatg

cacgcegttyg

caatgtggtyg

tgcatggcat

gccaaaccgg

atgctcatgg

acgcaatgca

gccacectte

cacattcatt

atggaatgceg

ccatagtgca

cgegecaget

gatcagctga

tccegectet

ctgggtggag

cgecegtgtte

cggegeccty

cgtgeectge

gggcgaggtyg

catcatggec

ccaccaggec

ccaggacgac

gaaggcccge

tgcaacgcaa

gectgecgee

ttgaggcttyg

gegecatggtg

tcaatcgegy

agcaaaggta

aggggtcaag

accaagtgtyg

tccaacgtaa

cctggegaag

agttggcage

gataggatge

cgcaccatca

agcgcaccga

acgcatgtag

gcacaggcag

ttgcggggtc

tgcatgeetyg

ggaccgccag

ttggactgca

cagcaacctyg

ttgccegget

agaatatcaa

cgectgtteg

cgectgtecy

aacgagctge

geegeegtge

cceggecagyg

gacgccatge

aagcaccgca

ctggacgagg

atgccegacyg

gggcagccac

tgcctgeege

gttcatcggyg

gcaagagggc

cagccagagg

gecagtttgee

tgcaaacacyg

tgcgagccag

ccatgagetyg

acacatggtg

aggctcagec

aagtggagcg

gcaggagcgc

gtgtccacac

cgctgacgte

cagaggegge

gegecccage

dagaagcgag

gctagcagca

tttgggtggg

tccegtgggt

cgcgaagtag

tgatcgagca

gctacgactyg

cccagggecyg

aggacgaggc

tggacgtggt

acctgetgte

gecegectgea

tcgagegege

agcaccaggg

gegaggacct

agcecgetece

atgcttgtge

tggaagctta

ggcagcactt

gatttcagat

agaatgatcg

ggcatgccac

catcgeegec

atcaacactg

tgcggatget

atgcactgga

aataccaaac

atgcgaaggg

tgtcaccagyg

ccttgacgge

ggcagcagag

cagcggtgat

gCtggggCCt

aaggcgecte

geggeegget

cceceegtgec

gegecctect

ggacggecte

ggcccageag

cceegtgetyg

cgeceegecty

gaccgaggece

ctcecacctyg

caccctggac

cecgeaccege

cectggececee

ggtggtgacc

accecgecget

tggtgaggct

tgtgtgtget

gctggagctg

gatcgegegt

gttcagetgt

agcacgggca

tggctgttte

caatcatcgg

geeggetget

tggcagctgg

cctetggety

actggccceca

ccegcaaget

getecteteg

cggcggcagc

gegetgatee

ttgggctggt

ccctactecy

gtttettteg

gatgaaatcg

ttctgetege

cacgcegget

accatecgget

ttcgtgaaga

tcectggetygy

ggcegegact

gececegecg

ccegecacct

atggaggccg

gecgagetgt

cacggcgacyg

4620
4653
Synthetic

gaaccgacac 60
gggcagtgcet 120
gggcttgcat 180
ccgeggtgece 240
acaggttgag 300
taatcaatgce 360
ccggggagty 420
agctacaacyg 480
gcgggcegtga 540
gcctgetgeg 600
gctgeccactg 660
cttgctgggt 720
tgcacgccat 780
ttgcagaacc 840
ggtgtgggaa 900
ageggcegggy 960
caaacgagtt 1020
gcagccecgea 1080
catcgatgtt 1140
tgttgcaaaa 1200
tgtgcacgcce 1260
cctetetecy 1320
cceecgecege 1380
gctceecgacgce 1440
ccgacctgte 1500
ccaccaccgg 1560
ggctgetget 1620
agaaggtgtc 1680
gccecttega 1740
gcctggtgga 1800
tcgeccgect 1860
cctgectgece 1920
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caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100
cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
cagtcacaac ccgcaaacac tagtatggcc accgcatcca ctttcectcecgge gttcaatgece 3120
cgetgeggeg acctgegteg cteggeggge tecgggeccee ggegeccage gaggeccecte 3180
ccegtgegeg ggcgegceccee cgactggtcee atgetgtteg cecgtgatcac caccatctte 3240
agcgecgecg agaagcagtg gaccaacctg gagtggaage ccaagcccaa gctgecccag 3300
ctgctggacg accacttegg cctgcacgge ctggtgttece geccgcacctt cgccatccgce 3360
tcctacgagg tgggecccga ccgcageace tecatcctgg cegtgatgaa ccacatgcag 3420
gaggccacee tgaaccacgce caagagcegtg ggcatcectgg gegacggett cggcaccacce 3480
ctggagatgt ccaagcgcga cctgatgtgg gtggtgcgece gcacccacgt ggccgtggag 3540
cgctacccca cctggggega caccgtggag gtggagtget ggatcggege cagceggcaac 3600
aacggcatgce gccgegactt cctggtgege gactgcaaga ceggcgagat cctgacccge 3660
tgcacctcee tgagegtgcet gatgaacacce cgeacccegece gectgagcac catccccgac 3720
gaggtgegeyg gcgagatcgg ccccegectte atcgacaacyg tggccgtgaa ggacgacgag 3780
atcaagaagc tgcagaagct gaacgactcce accgecgact acatccaggyg cggectgace 3840
ccecgetgga acgacctgga cgtgaaccag cacgtgaaca acctgaagta cgtggectgg 3900
gtgttcgaga ccgtgcccga cagcatcttce gagtcccacce acatcagcetce cttcaccectg 3960
gagtaccgee gcgagtgcac ccgegactcece gtgctgegea gectgaccac cgtgagegge 4020
ggcagcteeyg aggecggect ggtgtgcgac cacctgetge agetggaggg cggcagcegag 4080
gtgetgegeyg cecgcaccga gtggegecce aagctgacceg actccttecg cggeatcage 4140
gtgatcceeyg cecgagecceg cgtgatggac tacaaggacce acgacggcga ctacaaggac 4200
cacgacatcg actacaagga cgacgacgac aagtgatgac tcgaggcage agcagcetcgg 4260
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atagtatcga cacactctgg acgctggtcg tgtgatggac tgttgccgec acacttgetg 4320
ccttgacctg tgaatatccce tgccgcetttt atcaaacage ctcagtgtgt ttgatcttgt 4380
gtgtacgcge ttttgcgagt tgctagetge ttgtgctatt tgcgaatacc acccccagca 4440
tceecttece tegtttcata tegettgcat cccaaccgca acttatctac getgtcectge 4500
tatccctecag cgctgctect getectgcecte actgeccecte gecacagectt ggtttggget 4560
ccgcctgtat tectectggta ctgcaacctg taaaccagca ctgcaatgct gatgcacggg 4620
aagtagtggg atgggaacac aaatggaaag ctt 4653
<210> SEQ ID NO 122
<211> LENGTH: 4647
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 122
ggtaccegee tgcaacgcaa gggcagccac agccgctcece acccgecget gaaccgacac 60
gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120
gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180
geegggcaat gegecatggtyg gcaagagggce ggcagcactt getggagetg cegeggtgece 240
tccaggtggt tcaatcgegg cagccagagg gatttcagat gatcgcegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgec agaatgatceg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgccac agcacgggca ccggggagtg 420
gaatggcacc accaagtgtg tgcgagccag catcgecgece tggetgtttce agetacaacy 480
gcaggagtca tccaacgtaa ccatgagetg atcaacactg caatcatcgg gegggcegtga 540
tgcaagcatg cctggcgaag acacatggtg tgecggatget gecggetget gectgetgeg 600
cacgeegttyg agttggcage aggctcagece atgcactgga tggcagetgyg gctgecactg 660
caatgtggtg gataggatgc aagtggagcg aataccaaac cctctggetyg cttgetgggt 720
tgcatggcat cgcaccatca gcaggagcege atgcgaaggyg actggcccca tgcacgcecat 780
gccaaaccygyg agcgcaccga gtgtccacac tgtcaccagg cccgcaaget ttgcagaacce 840
atgctcatgg acgcatgtag cgctgacgte cecttgacgge gctectceteyg ggtgtgggaa 900
acgcaatgca gcacaggcag cagaggceggce ggcagcagag cggcggcage agceggegggg 960
gccaccctte ttgeggggte gcgecccage cagcggtgat gegctgatcce caaacgagtt 1020
cacattcatt tgcatgcctg gagaagcgag gctggggect ttgggctggt gcagceccgca 1080
atggaatgcg ggaccgccag gctagcagca aaggcgcectce ccctactceeg catcgatgtt 1140
ccatagtgca ttggactgca tttgggtggg gcggccggct gtttecttteg tgttgcaaaa 1200
cgcgecaget cagcaacctg tecegtgggt ccecccgtgece gatgaaatcg tgtgcacgcece 1260
gatcagctga ttgcccggct cgcgaagtag gcgccctcecet ttetgctege cctetctecy 1320
tceegectet agaatatcaa tgatcgagca ggacggecte cacgecgget cccecgecge 1380
ctgggtggag cgcctgtteg gctacgactg ggcccagcag accatcgget getceccgacgce 1440
cgecgtgtte cgectgtecg cccagggcecg cceegtgetg ttcecgtgaaga ccgacctgte 1500
cggegecctyg aacgagetge aggacgaggce cgeccgectyg tectggetgyg ccaccaccgg 1560
cgtgcectge gecgecgtge tggacgtggt gaccgaggcce ggccgcgact ggctgctget 1620
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gggcgaggtyg ccecggecagg acctgetgte cteccacctyg gecccegecg agaaggtgte 1680
catcatggee gacgcecatge gecgectgea caccctggac ccecegecacct gccecttega 1740
ccaccaggece aagcaccgca tcgagegege cegeaccege atggaggecyg gectggtgga 1800
ccaggacgac ctggacgagg agcaccaggg cctggceccee gecgagetgt tcegeccgect 1860
gaaggccege atgeccgacg gcgaggacct ggtggtgace cacggegacg cctgectgece 1920
caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100
cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
cagtcacaac ccgcaaacac tagtatggct tccgcggcat tcaccatgte ggcgtgcccce 3120
gegatgactyg gcagggcccee tggggcacgt cgctceeggac ggccagtege cacccgectg 3180
agggggcgceg cccccgactyg gteccatgetg ttegecgtga tcaccaccat cttcagecgece 3240
geecgagaage agtggaccaa cctggagtgg aagcccaagce ccaagctgec ccagetgetg 3300
gacgaccact tcggcectgca cggectggtg ttceccgecgeca ccttegecat ccgcectectac 3360
gaggtgggee ccgaccgcag cacctccatce ctggcegtga tgaaccacat gcaggaggec 3420
accctgaace acgccaagag cgtgggeatce ctgggcgacyg gcetteggeac caccctggag 3480
atgtccaagc gcgacctgat gtgggtggtg cgccgcaccce acgtggccgt ggagcgctac 3540
cccacctggg gcegacaccegt ggaggtggag tgctggateyg gegecagegyg caacaacggce 3600
atgcgecgeg acttectggt gegcgactge aagaccggeyg agatcctgac ccgetgcace 3660
tcectgageg tgctgatgaa cacccgeacce cgecgectga gcaccatccece cgacgaggtyg 3720
cgeggegaga tceggeccege cttcatcgac aacgtggecyg tgaaggacga cgagatcaag 3780
aagctgcaga agctgaacga ctccaccgece gactacatee agggcggect gaccccccge 3840
tggaacgacc tggacgtgaa ccagcacgtg aacaacctga agtacgtggce ctgggtgttce 3900
gagaccgtge ccgacagcat cttcecgagtcc caccacatca gctecttcac cctggagtac 3960
cgecgegagt gcaccegega ctecegtgetg cgcagectga ccaccgtgag cggeggcage 4020
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tcegaggeeyg gectggtgtyg cgaccacctyg ctgcagetgyg agggcggcayg cgaggtgcetg 4080
cgegeccgea ccgagtggeg ccccaagetg accgactect tecgeggeat cagegtgate 4140
ccegecgage cccgegtgat ggactacaag gaccacgacyg gcgactacaa ggaccacgac 4200
atcgactaca aggacgacga cgacaagtga tgactcgagg cagcagcagce tcggatagta 4260
tcgacacact ctggacgctg gtegtgtgat ggactgttge cgccacactt getgecttga 4320
cctgtgaata tccctgcege ttttatcaaa cagectcagt gtgtttgatce ttgtgtgtac 4380
gcgettttge gagttgctag ctgcttgtge tatttgcgaa taccaccccce agcatccect 4440
tcectegttt catatcgett gcatcccaac cgcaacttat ctacgectgte ctgctatcce 4500
tcagcgetge tectgctect getcactgce cctegcacag cecttggtttg ggctecgect 4560
gtattctect ggtactgcaa cctgtaaacc agcactgcaa tgctgatgca cgggaagtag 4620
tgggatggga acacaaatgg aaagctt 4647
<210> SEQ ID NO 123
<211> LENGTH: 4721
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 123
ggtaccegee tgcaacgcaa gggcagccac agccgctcece acccgecget gaaccgacac 60
gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120
gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180
geegggcaat gegecatggtyg gcaagagggce ggcagcactt getggagetg cegeggtgece 240
tccaggtggt tcaatcgegg cagccagagg gatttcagat gatcgcegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgec agaatgatceg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgccac agcacgggca ccggggagtg 420
gaatggcacc accaagtgtg tgcgagccag catcgecgece tggetgtttce agetacaacy 480
gcaggagtca tccaacgtaa ccatgagetg atcaacactg caatcatcgg gegggcegtga 540
tgcaagcatg cctggcgaag acacatggtg tgecggatget gecggetget gectgetgeg 600
cacgeegttyg agttggcage aggctcagece atgcactgga tggcagetgyg gctgecactg 660
caatgtggtg gataggatgc aagtggagcg aataccaaac cctctggetyg cttgetgggt 720
tgcatggcat cgcaccatca gcaggagcege atgcgaaggyg actggcccca tgcacgcecat 780
gccaaaccygyg agcgcaccga gtgtccacac tgtcaccagg cccgcaaget ttgcagaacce 840
atgctcatgg acgcatgtag cgctgacgte cecttgacgge gctectceteyg ggtgtgggaa 900
acgcaatgca gcacaggcag cagaggceggce ggcagcagag cggcggcage agceggegggg 960
gccaccctte ttgeggggte gcgecccage cagcggtgat gegctgatcce caaacgagtt 1020
cacattcatt tgcatgcctg gagaagcgag gctggggect ttgggctggt gcagceccgca 1080
atggaatgcg ggaccgccag gctagcagca aaggcgcectce ccctactceeg catcgatgtt 1140
ccatagtgca ttggactgca tttgggtggg gcggccggct gtttecttteg tgttgcaaaa 1200
cgcgecaget cagcaacctg tecegtgggt ccecccgtgece gatgaaatcg tgtgcacgcece 1260
gatcagctga ttgcccggct cgcgaagtag gcgccctcecet ttetgctege cctetctecy 1320
tceegectet agaatatcaa tgatcgagca ggacggecte cacgecgget cccecgecge 1380



329

US 9,464,304 B2

330

-continued
ctgggtggag cgcctgtteg gctacgactg ggcccagcag accatcgget getceccgacgce 1440
cgecgtgtte cgectgtecg cccagggcecg cceegtgetg ttcecgtgaaga ccgacctgte 1500
cggegecctyg aacgagetge aggacgaggce cgeccgectyg tectggetgyg ccaccaccgg 1560
cgtgcectge gecgecgtge tggacgtggt gaccgaggcce ggccgcgact ggctgctget 1620
gggcgaggtyg ccecggecagg acctgetgte cteccacctyg gecccegecg agaaggtgte 1680
catcatggee gacgcecatge gecgectgea caccctggac ccecegecacct gccecttega 1740
ccaccaggece aagcaccgca tcgagegege cegeaccege atggaggecyg gectggtgga 1800
ccaggacgac ctggacgagg agcaccaggg cctggceccee gecgagetgt tcegeccgect 1860
gaaggccege atgeccgacg gcgaggacct ggtggtgace cacggegacg cctgectgece 1920
caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100
cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
cagtcacaac ccgcaaacgg cgcgccatgg ccaccaccte cctggectee gecttetgea 3120
gcatgaagge cgtgatgctg gccegegacg gecgeggeat gaagcccege tcecagcgace 3180
tgcagetgeg cgccggcaac geccagacct cectgaagat gatcaacgge accaagttcet 3240
cctacaccga gagcctgaag aagctgcccg actggtcecat getgttcecgece gtgatcacca 3300
ccatcttete cgcegecgag aagcagtgga ccaacctgga gtggaagcecce aagcccaace 3360
ccecccaget getggacgac cacttceggcee cccacggect ggtgttceccge cgcacctteg 3420
ccatccgecag ctacgaggtg ggccccgace getccaccag catcgtggece gtgatgaace 3480
acctgcagga ggccgecctg aaccacgeca agtcegtggyg catcectggge gacggetteg 3540
gcaccaccct ggagatgtcee aagegcgace tgatctgggt ggtgaagege acccacgtgg 3600
cegtggageg ctaccecgece tggggcgaca cegtggaggt ggagtgcetgyg gtgggegect 3660
ccggcaacaa cggecgecge cacgacttee tggtgcegega ctgcaagacce ggcgagatce 3720
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tgaccegetyg caccteectyg agegtgatga tgaacacceg cacccgecge ctgagcaaga 3780
tcecegagga ggtgegegge gagatcggece cegectteat cgacaacgtyg gcecgtgaagg 3840
acgaggagat caagaagccc cagaagctga acgactccac cgecgactac atccagggceg 3900
gectgaccee cegetggaac gacctggaca tcaaccagca cgtgaacaac atcaagtacyg 3960
tggactggat cctggagacc gtgcccgaca gcatcttcega gagccaccac atctcctect 4020
tcaccatcga gtaccgecge gagtgcacca tggacagegt gcetgcagtece ctgaccaccyg 4080
tgagecggegg ctectecgag gecggectgg tgtgcgagea ccetygetgcayg ctggagggcey 4140
gcagcgaggt gctgegcegee aagaccgagt ggcgcecccaa getgaccgac tecttecgeg 4200
gcatcagegt gatccccgee gagtccageg tgatggacta caaggaccac gacggcgact 4260
acaaggacca cgacatcgac tacaaggacg acgacgacaa gtgatgactc gaggcagcag 4320
cagctcggat agtatcgaca cactctggac gctggtegtg tgatggactg ttgccgccac 4380
acttgctgcece ttgacctgtg aatatccctg ccgcecttttat caaacagcct cagtgtgttt 4440
gatcttgtgt gtacgcgctt ttgcgagttg ctagctgctt gtgctatttg cgaataccac 4500
ccecagcecate cectteccecte gtttcatate gcttgcatcecce caaccgcaac ttatctacgce 4560
tgtcctgeta teccctcageg ctgctectge tectgctcecac tgccecctege acagecttgg 4620
tttgggctce gectgtatte tectggtact gcaacctgta aaccagcact gcaatgctga 4680
tgcacgggaa gtagtgggat gggaacacaa atggaaagct t 4721
<210> SEQ ID NO 124
<211> LENGTH: 4650
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 124
ggtaccegee tgcaacgcaa gggcagccac agccgctcece acccgecget gaaccgacac 60
gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120
gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180
geegggcaat gegecatggtyg gcaagagggce ggcagcactt getggagetg cegeggtgece 240
tccaggtggt tcaatcgegg cagccagagg gatttcagat gatcgcegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgec agaatgatceg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgccac agcacgggca ccggggagtg 420
gaatggcacc accaagtgtg tgcgagccag catcgecgece tggetgtttce agetacaacy 480
gcaggagtca tccaacgtaa ccatgagetg atcaacactg caatcatcgg gegggcegtga 540
tgcaagcatg cctggcgaag acacatggtg tgecggatget gecggetget gectgetgeg 600
cacgeegttyg agttggcage aggctcagece atgcactgga tggcagetgyg gctgecactg 660
caatgtggtg gataggatgc aagtggagcg aataccaaac cctctggetyg cttgetgggt 720
tgcatggcat cgcaccatca gcaggagcege atgcgaaggyg actggcccca tgcacgcecat 780
gccaaaccygyg agcgcaccga gtgtccacac tgtcaccagg cccgcaaget ttgcagaacce 840
atgctcatgg acgcatgtag cgctgacgte cecttgacgge gctectceteyg ggtgtgggaa 900
acgcaatgca gcacaggcag cagaggceggce ggcagcagag cggcggcage agceggegggg 960
gccaccctte ttgeggggte gcgecccage cagcggtgat gegctgatcce caaacgagtt 1020
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cacattcatt tgcatgcctg gagaagcgag gctggggect ttgggctggt gcagceccgca 1080
atggaatgcg ggaccgccag gctagcagca aaggcgcectce ccctactceeg catcgatgtt 1140
ccatagtgca ttggactgca tttgggtggg gcggccggct gtttecttteg tgttgcaaaa 1200
cgcgecaget cagcaacctg tecegtgggt ccecccgtgece gatgaaatcg tgtgcacgcece 1260
gatcagctga ttgcccggct cgcgaagtag gcgccctcecet ttetgctege cctetctecy 1320
tceegectet agaatatcaa tgatcgagca ggacggecte cacgecgget cccecgecge 1380
ctgggtggag cgcctgtteg gctacgactg ggcccagcag accatcgget getceccgacgce 1440
cgecgtgtte cgectgtecg cccagggcecg cceegtgetg ttcecgtgaaga ccgacctgte 1500
cggegecctyg aacgagetge aggacgaggce cgeccgectyg tectggetgyg ccaccaccgg 1560
cgtgcectge gecgecgtge tggacgtggt gaccgaggcce ggccgcgact ggctgctget 1620
gggcgaggtyg ccecggecagg acctgetgte cteccacctyg gecccegecg agaaggtgte 1680
catcatggee gacgcecatge gecgectgea caccctggac ccecegecacct gccecttega 1740
ccaccaggece aagcaccgca tcgagegege cegeaccege atggaggecyg gectggtgga 1800
ccaggacgac ctggacgagg agcaccaggg cctggceccee gecgagetgt tcegeccgect 1860
gaaggccege atgeccgacg gcgaggacct ggtggtgace cacggegacg cctgectgece 1920
caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100
cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
cagtcacaac ccgcaaacac tagtatgacg tteggggteg cecteccgge catgggecge 3120
ggtgtcteee tteccececggee cagggtegeg gtgcgegceee agtcggcgag tcaggttttg 3180
gagagcgggce gcgceccccga ctggtccatg ctgttegceeg tgatcaccac catcttetece 3240
geegecgaga agcagtggac caacctggag tggaagecca agcccaaccce ccecccagetg 3300
ctggacgacc acttcggeccce ccacggcectg gtgttcececgece gecaccttege catccgcagce 3360
tacgaggtgg gccccgaccg ctccaccage ategtggeceyg tgatgaacca cctgcaggag 3420
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geegecctga accacgccaa gtcegtggge atcctgggeg acggcettegg caccaccctg 3480
gagatgtcca agcgcgacct gatctgggtg gtgaagegca ccecacgtgge cgtggagege 3540
taccecegect ggggegacac cgtggaggtg gagtgctggyg tgggcgecte cggcaacaac 3600
ggeegecgee acgacttcect ggtgegegac tgcaagaccyg gegagatcct gacccgetge 3660
acctecectga gegtgatgat gaacacccege acccgcecgece tgagcaagat ccccgaggag 3720
gtgcgeggeyg agatcggcce cgcecttcatce gacaacgtgg cegtgaagga cgaggagatce 3780
aagaagcccee agaagctgaa cgactccacce gecgactaca tcecagggegyg cctgacccce 3840
cgetggaacyg acctggacat caaccagcac gtgaacaaca tcaagtacgt ggactggatce 3900
ctggagaccg tgcccgacag catcttcgag agccaccaca tctcectectt caccatcgag 3960
taccgeccgeg agtgcaccat ggacagegtg ctgcagtcecee tgaccaccegt gageggegge 4020
tcectecgagg cceggectggt gtgcgageac ctgetgcage tggagggegyg cagcecgaggtyg 4080
ctgcgegeca agaccgagtg gecgccccaag ctgaccgact ccttecgegyg catcagegtyg 4140
atcceegeceg agtccagegt gatggactac aaggaccacyg acggcgacta caaggaccac 4200
gacatcgact acaaggacga cgacgacaag tgatgactcg aggcagcagc agctcggata 4260
gtatcgacac actctggacg ctggtcgtgt gatggactgt tgccgccaca cttgctgect 4320
tgacctgtga atatccctge cgcttttate aaacagectc agtgtgtttg atcttgtgtg 4380
tacgcgettt tgcgagttge tagctgecttg tgctatttge gaataccacce cccagcatcce 4440
cctteecteg tttcatateg cttgcatcce aaccgcaact tatctacget gtectgetat 4500
ccetecagege tgctectget ccectgctcact gceccectegeca cagecttggt ttgggcetecg 4560
cctgtattet cctggtactg caacctgtaa accagcactg caatgctgat gcacgggaag 4620
tagtgggatg ggaacacaaa tggaaagctt 4650
<210> SEQ ID NO 125
<211> LENGTH: 4653
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 125
ggtaccegee tgcaacgcaa gggcagccac agccgctcece acccgecget gaaccgacac 60
gtgettggge gectgecgee tgcctgecge atgettgtge tggtgagget gggcagtget 120
gecatgcetga ttgaggettg gttcatcggg tggaagetta tgtgtgtget gggettgeat 180
geegggcaat gegecatggtyg gcaagagggce ggcagcactt getggagetg cegeggtgece 240
tccaggtggt tcaatcgegg cagccagagg gatttcagat gatcgcegegt acaggttgag 300
cagcagtgte agcaaaggta gcagtttgec agaatgatceg gttcagetgt taatcaatge 360
cagcaagaga aggggtcaag tgcaaacacg ggcatgccac agcacgggca ccggggagtg 420
gaatggcacc accaagtgtg tgcgagccag catcgecgece tggetgtttce agetacaacy 480
gcaggagtca tccaacgtaa ccatgagetg atcaacactg caatcatcgg gegggcegtga 540
tgcaagcatg cctggcgaag acacatggtg tgecggatget gecggetget gectgetgeg 600
cacgeegttyg agttggcage aggctcagece atgcactgga tggcagetgyg gctgecactg 660
caatgtggtg gataggatgc aagtggagcg aataccaaac cctctggetyg cttgetgggt 720
tgcatggcat cgcaccatca gcaggagcege atgcgaaggyg actggcccca tgcacgcecat 780
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gccaaaccygyg agcgcaccga gtgtccacac tgtcaccagg cccgcaaget ttgcagaacce 840
atgctcatgg acgcatgtag cgctgacgte cecttgacgge gctectceteyg ggtgtgggaa 900
acgcaatgca gcacaggcag cagaggceggce ggcagcagag cggcggcage agceggegggg 960
gccaccctte ttgeggggte gcgecccage cagcggtgat gegctgatcce caaacgagtt 1020
cacattcatt tgcatgcctg gagaagcgag gctggggect ttgggctggt gcagceccgca 1080
atggaatgcg ggaccgccag gctagcagca aaggcgcectce ccctactceeg catcgatgtt 1140
ccatagtgca ttggactgca tttgggtggg gcggccggct gtttecttteg tgttgcaaaa 1200
cgcgecaget cagcaacctg tecegtgggt ccecccgtgece gatgaaatcg tgtgcacgcece 1260
gatcagctga ttgcccggct cgcgaagtag gcgccctcecet ttetgctege cctetctecy 1320
tceegectet agaatatcaa tgatcgagca ggacggecte cacgecgget cccecgecge 1380
ctgggtggag cgcctgtteg gctacgactg ggcccagcag accatcgget getceccgacgce 1440
cgecgtgtte cgectgtecg cccagggcecg cceegtgetg ttcecgtgaaga ccgacctgte 1500
cggegecctyg aacgagetge aggacgaggce cgeccgectyg tectggetgyg ccaccaccgg 1560
cgtgcectge gecgecgtge tggacgtggt gaccgaggcce ggccgcgact ggctgctget 1620
gggcgaggtyg ccecggecagg acctgetgte cteccacctyg gecccegecg agaaggtgte 1680
catcatggee gacgcecatge gecgectgea caccctggac ccecegecacct gccecttega 1740
ccaccaggece aagcaccgca tcgagegege cegeaccege atggaggecyg gectggtgga 1800
ccaggacgac ctggacgagg agcaccaggg cctggceccee gecgagetgt tcegeccgect 1860
gaaggccege atgeccgacg gcgaggacct ggtggtgace cacggegacg cctgectgece 1920
caacatcatg gtggagaacg gccgcttcte cggcecttcatc gactgecggece gectgggegt 1980
ggecgaccege taccaggaca tcgecctgge cacccegegac atcgcecgagg agetgggegy 2040
cgagtgggcce gaccgcttece tggtgctgta cggcatcgece gecccccgact cccagcegeat 2100
cgecttetac cgectgcectgg acgagttcectt ctgacaattg gcagcagcag ctcggatagt 2160
atcgacacac tctggacgct ggtcgtgtga tggactgttg cecgccacact tgctgcecttg 2220
acctgtgaat atccctgecceg cttttatcaa acagcctcag tgtgtttgat cttgtgtgta 2280
cgecgettttg cgagttgcta getgettgtg ctatttgega ataccaccece cagcatccce 2340
ttccctegtt tcatatcget tgcatcccaa ccgcaactta tctacgectgt cctgctatce 2400
ctcagcgetg ctectgctece tgctcactge ccectegcaca gecttggttt gggetcecgece 2460
tgtattctce tggtactgca acctgtaaac cagcactgca atgctgatgce acgggaagta 2520
gtgggatggyg aacacaaatg gaggatcccg cgtctegaac agagcgegca gaggaacget 2580
gaaggtcteg cctetgtege acctcagege ggcatacacc acaataacca cctgacgaat 2640
gcgettggtt cttegteccat tagcgaageg tccggttcac acacgtgeca cgttggegag 2700
gtggcaggtyg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatce 2760
gaattccttt cttgcgctat gacacttcca gcaaaaggta gggcgggctg cgagacggct 2820
tceeggeget gecatgcaaca ccgatgatge ttecgacccecce cgaagctcecet teggggetgce 2880
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 2940
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 3000
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 3060
cagtcacaac ccgcaaacac tagtatgget atcaagacga acaggcagece tgtggagaag 3120
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cctecegtteca cgatcgggac getgcgcaag gccatcececg cgcactgttt cgagegetceg 3180
gcgettegtyg ggcgegecce cgactggtcece atgctgtteg ccgtgatcac caccatctte 3240
tcegecgeeg agaagcagtg gaccaacctg gagtggaage ccaagcccaa cccceccccag 3300
ctgctggacg accacttegg cccccacgge ctggtgttece gecgcacctt cgccatccegce 3360
agctacgagg tgggccccga ccgctcecacce agecatcegtgyg cegtgatgaa ccacctgcag 3420
gaggccgeee tgaaccacge caagtcegtg ggcatcectgg gegacggett cggcaccacce 3480
ctggagatgt ccaagcgcga cctgatctgg gtggtgaage gcacccacgt ggccgtggag 3540
cgctacceeg cctggggega caccgtggag gtggagtget gggtgggege ctcecggcaac 3600
aacggccgee gccacgactt cctggtgege gactgcaaga cceggcgagat cctgacccge 3660
tgcacctcee tgagegtgat gatgaacacce cgcacccegece gectgagcaa gatccccgag 3720
gaggtgegeyg gcgagatcegg cccegectte atcgacaacyg tggccgtgaa ggacgaggag 3780
atcaagaagc cccagaagct gaacgactcce accgecgact acatccaggyg cggectgace 3840
ccecgetgga acgacctgga catcaaccag cacgtgaaca acatcaagta cgtggactgg 3900
atcctggaga ccgtgcccga cagcatctte gagagccacce acatctcecte cttcaccatce 3960
gagtaccgee gcgagtgcac catggacagce gtgctgecagt cectgaccac cgtgagegge 4020
ggctecteeyg aggecggect ggtgtgcgag cacctgetge agetggaggg cggcagcegag 4080
gtgctgegeyg ccaagaccga gtggegecce aagctgacceg actccttecg cggcatcage 4140
gtgatcceeyg cecgagtcecag cgtgatggac tacaaggacce acgacggcga ctacaaggac 4200
cacgacatcg actacaagga cgacgacgac aagtgatgac tcgaggcage agcagcetcgg 4260
atagtatcga cacactctgg acgctggtcg tgtgatggac tgttgccgec acacttgetg 4320
ccttgacctg tgaatatccce tgccgcetttt atcaaacage ctcagtgtgt ttgatcttgt 4380
gtgtacgcge ttttgcgagt tgctagetge ttgtgctatt tgcgaatacc acccccagca 4440
tceecttece tegtttcata tegettgcat cccaaccgca acttatctac getgtcectge 4500
tatccctecag cgctgctect getectgcecte actgeccecte gecacagectt ggtttggget 4560
ccgcctgtat tectectggta ctgcaacctg taaaccagca ctgcaatgct gatgcacggg 4620
aagtagtggg atgggaacac aaatggaaag ctt 4653
<210> SEQ ID NO 126
<211> LENGTH: 3669
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 126
ccegtgatca cacaggtgcce ttgcgagegt gatcacacta ttttgggggt cctacagtac 60
tgaaatggtg agaagtcgta ctgaaatcaa ggatgaacaa tgaaaatggt gctgtggtgg 120
cttctcaaag gtcaagaatc agtcgctege gtcaggaaat cgeggcegtca accagegtgg 180
gegeggteayg tggecccgca ctggtcacca tagcectetee tgccacagta gegatccect 240
gggegttcac tctcagcage ggctgtactg cctceccagat tttettette tggacctgeg 300
ggcgtgagayg gatgagcagg gtggggccaa gggctcaatce ctgaacggec ctcattceggt 360
ttccaatcce acaacacata cccacagcag gtcagaccac gcattcgcac catgegcace 420
aaataacgtg tccttacctg attgggtgtg geaggcteeyg tggacaggag tgcctegtcee 480
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ccegeccaga cccgetecce cgtcacggeg gegtecggga cecgcagegyg ctcecaccgeg 540
gtgtgatceg cgttggcgge gcagagcage atcccagecyg atttgacccce gegeatgete 600
cgaggettga ggttggecag caccaccacce cgecggecga caaggtcecte cagggtcacyg 660
tgccggacca ggccactcac gatggtgega gggecccect cctegecgayg gtcgatcetge 720
tcgacgtaca gactgcgaca tgcgtggega gtggtcatca gaaggaagca ggtgtgcaga 780
aggggcacgt ggttggtatt gagagtagcc aaagctttgt gccaatcaga aagtcaacgce 840
agctgectge ctggetegeg tacaattect ttettgeget atgacactte cagcaaaagg 900
tagggcggge tgcgagacgg cttcceggeg ctgcatgcaa caccgatgat gcttcegacce 960
ccecgaagete cttegggget gcatgggcge tcecgatgecg ctceccagggeg agegcetgttt 1020
aaatagccag gcccccgatt gcaaagacat tatagcgagce taccaaagcc atattcaaac 1080
acctagatca ctaccacttc tacacaggcc actcgagcett gtgatcgcac tccgctaagg 1140
gggcgcectet tectettegt ttcagtcaca acccgcaaac ggcgcgceccat gctgcectgceag 1200
gccttectgt tectgetgge cggcecttegece geccaagatca gegectceccat gacgaacgag 1260
acgtccgace gcccectggt geacttcacce cecaacaagg gctggatgaa cgaccccaac 1320
ggectgtggt acgacgagaa ggacgccaag tggcacctgt acttccagta caacccgaac 1380
gacaccgtet gggggacgee cttgttetgg ggccacgeca cgtccgacga cctgaccaac 1440
tgggaggacce agcccatcge catcgecceg aagcgcaacyg actccggege cttceteegge 1500
tccatggtgg tggactacaa caacacctce ggcttcttca acgacaccat cgacccgegce 1560
cagcgetgeg tggecatetg gacctacaac accccggagt ccgaggagca gtacatctcee 1620
tacagcctgg acggeggcta caccttcacce gagtaccaga agaaccccegt getggecgece 1680
aactccaccce agttccgega cccgaaggte ttetggtacg agceccctceccca gaagtggatce 1740
atgaccgcegg ccaagtccca ggactacaag atcgagatct actcectccga cgacctgaag 1800
tcetggaage tggagtcege gttecgcecaac gagggcttece tcggctacca gtacgagtgce 1860
cceggectga tcgaggtecce caccgagcag gaccccagca agtcctactg ggtgatgtte 1920
atctccatca acccecggege cccggcecggce ggctecttceca accagtactt cgtecggcagce 1980
ttcaacggca cccacttcga ggccttegac aaccagtecce gegtggtgga cttecggcaag 2040
gactactacyg ccctgcagac cttcttcaac accgacccga cctacgggag cgecctggge 2100
atcgegtggg cctcecaactyg ggagtactce gecttegtge ccaccaacce ctggegetcee 2160
tcecatgteccece tegtgcgcaa gttcectceecte aacaccgagt accaggccaa cccggagacg 2220
gagctgatca acctgaagge cgagecgatce ctgaacatca gcaacgecgg ccectggage 2280
cggttegeca ccaacaccac gttgacgaag gccaacaget acaacgtcga cctgtccaac 2340
agcaccggca ccctggagtt cgagetggtg tacgccgtea acaccaccca gacgatctcee 2400
aagtccgtgt tecgcggacct ctecctetgg ttcaagggcece tggaggacce cgaggagtac 2460
ctccgecatgg gettecgaggt gteccgegtcee tecttettece tggaccgcgg gaacagcaag 2520
gtgaagttcyg tgaaggagaa cccctacttc accaaccgca tgagcgtgaa caaccagecce 2580
ttcaagagcg agaacgacct gtcctactac aaggtgtacg gecttgctgga ccagaacatc 2640
ctggagcectgt acttcaacga cggcgacgtc gtgtccacca acacctactt catgaccacc 2700
gggaacgccece tgggctceccgt gaacatgacg acgggggtgg acaacctgtt ctacatcgac 2760
aagttccagg tgcgcgaggt caagtgatta attaactcga ggcagcagca gctcggatag 2820
tatcgacaca ctctggacgce tggtcecgtgtg atggactgtt geccgccacac ttgctgectt 2880
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gacctgtgaa tatccctgee gettttatca aacagectca gtgtgtttga tettgtgtgt
acgegetttt gegagttget agetgettgt getatttgeg aataccacce ccageatcce
ctteectegt ttcatatege ttgcateccca accgcaactt atctacgetyg tectgetate
cctecageget getectgete ctygctcactyg ceectegeac agecttggtt tgggetcege
ctgtattcte ctggtactge aacctgtaaa ccagcactge aatgetgatyg cacgggaagt
agtgggatgg gaacacaaat ggaaagcttyg agetcggtac cegtacccat cageatcegg
gtgaatcttyg gecteccaaga tatggccaat cctcacatce agettggcaa aatcgactag
actgtctgea agtgggaatg tggagcacaa ggttgettgt agegatcgac agactggtgg
ggtacattga caggtgggca gcegecgcate categtgect gacgegageg cegecggtty
ctegecegty cctgecgtea aagageggca gagaaatcgg gaaccgaaaa cgtcacattg
cctgatgttyg ttacatgetg gactagactt tettggegtyg ggtetgetee tegecaggtyg
cgegacgect cggggetyggg tgcgagggag cegtgeggece acgcatttga caagacccaa
agcetegeate tcagacggte aaccgttegt attatacatt caacatatgyg tacatacgea
aaaagcatg

<210> SEQ ID NO 127

<211> LENGTH: 39

<212> TYPE: PRT

<213> ORGANISM: Prototheca moriformis

<400> SEQUENCE: 127

Met Thr Phe Gly Val Ala Leu Pro Ala Met Gly Arg Gly Val Ser Leu
1 5 10 15

Pro Arg Pro Arg Val Ala Val Arg Ala Gln Ser Ala Ser Gln Val Leu
20 25 30

Glu Ser Gly Arg Ala Gln Leu
35

<210> SEQ ID NO 128

<211> LENGTH: 40

<212> TYPE: PRT

<213> ORGANISM: Prototheca moriformis

<400> SEQUENCE: 128

Met Ala Ile Lys Thr Asn Arg Gln Pro Val Glu Lys Pro Pro Phe Thr
1 5 10 15

Ile Gly Thr Leu Arg Lys Ala Ile Pro Ala His Cys Phe Glu Arg Ser
20 25 30

Ala Leu Arg Gly Arg Ala Gln Leu
35 40

<210> SEQ ID NO 129

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Prototheca moriformis

<400> SEQUENCE: 129

Met Ala Ser Ala Ala Phe Thr Met Ser Ala Cys Pro Ala Met Thr Gly
1 5 10 15

Arg Ala Pro Gly Ala Arg Arg Ser Gly Arg Pro Val Ala Thr Arg Leu
20 25 30

Arg Gly Arg Ala
35

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3669
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<210> SEQ ID NO 130

<211> LENGTH: 40

<212> TYPE: PRT

<213> ORGANISM: Chlorella protothecoides

<400> SEQUENCE: 130

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp
1 5 10 15

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu
20 25 30

Pro Val Arg Gly Arg Ala Gln Leu
35 40

<210> SEQ ID NO 131

<211> LENGTH: 87

<212> TYPE: PRT

<213> ORGANISM: Cuphea hookeriana

<400> SEQUENCE: 131

Met Val Ala Ala Ala Ala Ser Ser Ala Phe Phe Pro Val Pro Ala Pro
1 5 10 15

Gly Ala Ser Pro Lys Pro Gly Lys Phe Gly Asn Trp Pro Ser Ser Leu
20 25 30

Ser Pro Ser Phe Lys Pro Lys Ser Ile Pro Asn Gly Gly Phe Gln Val
35 40 45

Lys Ala Asn Asp Ser Ala His Pro Lys Ala Asn Gly Ser Ala Val Ser
Leu Lys Ser Gly Ser Leu Asn Thr Gln Glu Asp Thr Ser Ser Ser Pro
65 70 75 80
Pro Pro Arg Thr Phe Leu His

85

<210> SEQ ID NO 132

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Umbellularia californica

<400> SEQUENCE: 132

Met Ala Thr Thr Ser Leu Ala Ser Ala Phe Cys Ser Met Lys Ala Val
1 5 10 15

Met Leu Ala Arg Asp Gly Arg Gly Met Lys Pro Arg Ser Ser Asp Leu
20 25 30

Gln Leu Arg Ala Gly Asn Ala Pro Thr Ser Leu Lys Met Ile Asn Gly
35 40 45

Thr Lys Phe Ser Tyr Thr Glu Ser Leu Lys Arg Leu
50 55 60

<210> SEQ ID NO 133

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Cinnamomum camphora

<400> SEQUENCE: 133

Met Ala Thr Thr Ser Leu Ala Ser Ala Phe Cys Ser Met Lys Ala Val
1 5 10 15

Met Leu Ala Arg Asp Gly Arg Gly Met Lys Pro Arg Ser Ser Asp Leu
20 25 30

Gln Leu Arg Ala Gly Asn Ala Gln Thr Ser Leu Lys Met Ile Asn Gly
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35 40 45
Thr Lys Phe Ser Tyr Thr Glu Ser Leu Lys Lys Leu
50 55 60

<210> SEQ ID NO 1234

<211> LENGTH: 1104

<212> TYPE: DNA

<213> ORGANISM: Prototheca moriformis

<400> SEQUENCE: 134

atggcaccga ccagectget tgccagtact ggegtcetett cegettetet gtggtectet
gegegeteca gegegtgege ttttecggtg gatcatgegyg teegtggege accgcagegy
cegetgecca tgcagegeeg ctygcttecga acagtggegyg tcagggeege accegeggta
geegteegte cggaaccege ccaagagttt tgggageage ttgagecctg caagatggey
gaggacaage gcatcttect ggaggagcac cgcatteggg gcaacgaggt gggecccteg
cageggcetga cgatcacgge ggtggecaac atectgcagg aggeggeggyg caaccacgeg
gtggccatgt ggggccggag cteggagggt ttegegacgg accceggaget geaggaggey
ggtctcatet ttgtgatgac gegecatgcag atccaaatgt accgctacce gegetgggge
gacctgatge aggtggagac ctggttccag acggegggca agetaggege geagegegag
tgggtgctge gegacaaget gaccggegag gegetgggeyg cggecaccte cagetgggte
atgatcaaca tccgecacgeg ccggeegtge cgecatgeceg agetegteeyg cgtcaagteg
gecttetteg cgegegagee gecgegectg gegetgecge ccacggtcac gegegecaag
ctgcccaaca tegegacgee ggcgeegetyg cgegggeace gecaggtege gegecgeace
gacatggaca tgaacgggca cgtgaacaac gtggectace tggectggtg cetggaggec
gtgcccgage acgtettecag cgactaccac ctctaccaga tggagatcga cttcaaggec
gagtgccacyg cgggcgacgt catctectee caggecgage agatccegece ccaggaggey
ctcacgcaca acggegecgg ccgcaaccce tectgetteg tecatageat tetgegegece
gagaccgage tegtececgege gegaaccaca tggteggece ccatcgacge geccgecgec
aagcegecca aggegageca ctga

<210> SEQ ID NO 135

<211> LENGTH: 1104

<212> TYPE: DNA

<213> ORGANISM: Prototheca moriformis

<400> SEQUENCE: 135

atggcaccga ccagectget tgccegtact ggegtetett cegettetet gtgetectet
acgegeteeg gegegtgege tttteeggtyg gatcatgegyg teegtggege accgeagegyg
cegetgecca tgcagegeeg ctygcttecga acagtggetyg tcagggeege accegcagta
geegteegte cggaaccege ccaagagttt tgggageage ttgagecctg caagatggey
gaggacaage gcatcttect ggaggagcac cgcattegtyg geaacgaggt gggccccteg
cageggcetga cgatcacgge ggtggecaac atectgcagg aggeggeggyg caaccacgeg
gtggccatgt ggggtceggag cteggagggt ttegegacgg accceggaget geaggaggey
ggectcatet ttgtgatgac gegecatgcag atccaaatgt accgctacce gegetgggge
gacctgatge aggtggagac ctggttccag acggegggca agetaggege geagegegag

tgggtgctge gcgacaaget gaccggegag gegetgggeg cggecaccte cagetgggte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1104

60

120

180

240

300

360

420

480

540

600
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350

atgatcaaca

gecttetteyg

ctgcccaaca

gacatggaca

gtgccegage

gagtgccacyg

ctcacgcaca

gagaccgage

aagccgecca

<210>
<211>
<212>
<213>

<400>

tcegecacgeyg ceggecegtge

cgcgegagee gecgegectyg

tcgegacgee ggcegecgetyg

tgaacggcca cgtgaacaac

acgtcttcag cgactaccac

cgggcegacgt catctectee

acggcgeogyg ccgcaacccd

tcgteegege gcgaaccaca

aggcgagcca ctga

PRT

SEQUENCE :

Met Ala Pro Thr

1

Leu

Ala

Phe

Glu

65

Glu

Gln

Glu

145

Asp

Ala

Gly

Pro

Arg

225

Leu

Ala

Tyr

Trp

Val

Arg

Pro

Asp

Gly

Glu

Gly

130

Met

Leu

Gln

Ala

Cys

210

Glu

Pro

Arg

Leu

Ser

Arg

35

Thr

Ala

Lys

Pro

Ala

115

Phe

Thr

Met

Arg

Ala

195

Arg

Pro

Asn

Arg

Ala
275

Ser

20

Gly

Val

Gln

Arg

Ser

100

Ala

Ala

Arg

Gln

Glu

180

Thr

Met

Pro

Ile

Thr
260

Trp

SEQ ID NO 136
LENGTH:
TYPE:
ORGANISM: Prototheca moriformis

367

136

Ser

5

Ala

Ala

Ala

Glu

Ile

85

Gln

Gly

Thr

Met

Val

165

Trp

Ser

Pro

Arg

Ala
245

Asp

Cys

Leu Leu Ala

Arg Ser Ser

Pro Gln Arg
40

Val Arg Ala

Phe Trp Glu

70

Phe Leu Glu

Arg Leu Thr

Asn His Ala
120

Asp Pro Glu
135

Gln Ile Gln
150

Glu Thr Trp

Val Leu Arg

Ser Trp Val
200

Glu Leu Val
215

Leu Ala Leu
230

Thr Pro Ala

Met Asp Met

Leu Glu Ala
280

cgcatgeeeyg

gegetgeege

cgegggeaca

gttgcctace

ctctaccaga

caggccgage

tcctgetteg

tggtcggece

Ser

Ala

25

Pro

Ala

Gln

Glu

Ile

105

Val

Leu

Met

Phe

Asp

185

Met

Arg

Pro

Pro

Asn
265

Val

Thr

10

Cys

Leu

Pro

Leu

His

90

Thr

Ala

Gln

Tyr

Gln

170

Lys

Ile

Val

Pro

Leu
250

Gly

Pro

Gly

Ala

Pro

Ala

Glu

75

Arg

Ala

Met

Glu

Arg

155

Thr

Leu

Asn

Lys

Thr
235
Arg

His

Glu

agctegtecyg cgtcaagteg

cegeggteac

gecaggtege

tggCCtggtg

tggagatcga

agatccecgee

tccatageat

ccatcgacge

Val

Phe

Met

Val

60

Pro

Ile

Val

Trp

Ala

140

Tyr

Ala

Thr

Ile

Ser

220

Val

Gly

Val

His

Ser

Pro

Gln

45

Ala

Cys

Arg

Ala

Gly

125

Gly

Pro

Gly

Gly

Arg

205

Ala

Thr

His

Asn

Val
285

Ser

Val

30

Arg

Val

Lys

Gly

Asn

110

Arg

Leu

Arg

Lys

Glu

190

Thr

Phe

Arg

Arg

Asn
270

Phe

Ala

15

Asp

Arg

Arg

Met

Asn

95

Ile

Ser

Ile

Trp

Leu

175

Ala

Arg

Phe

Ala

Gln
255

Val

Ser

gegtgecaag
gegecgeace
cctggaggece
cttcaaggee
ccaggaggeg
tctgegegee

gecegecgece

Ser

His

Cys

Pro

Ala

80

Glu

Leu

Ser

Phe

Gly

160

Gly

Leu

Arg

Ala

Lys
240
Val

Ala

Asp

660

720

780

840

900

960

1020

1080

1104
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352

Tyr

Gly

305

Leu

Ile

Ala

<210>
<211>
<212>
<213>

<400>

Met
1
Leu
Ala
Phe
Glu
65

Glu

Gln

Glu

145

Asp

Ala

Gly

Pro

Arg

225

Leu

Ala

Tyr

Tyr

His

290

Asp

Thr

Leu

Pro

Ala

Cys

Val

Arg

50

Pro

Asp

Gly

Glu

Gly

130

Met

Leu

Gln

Ala

Cys

210

Glu

Pro

Arg

Leu

His

Leu

Val

His

Arg

Ile
355

Pro

Ser

Arg

35

Thr

Ala

Lys

Pro

Ala

115

Phe

Thr

Met

Arg

Ala

195

Arg

Pro

Asn

Arg

Ala
275

Leu

Tyr

Ile

Asn

Ala

340

Asp

PRT

SEQUENCE :

Thr

Ser

20

Gly

Val

Gln

Arg

Ser

100

Ala

Ala

Arg

Gln

Glu

180

Thr

Met

Pro

Ile

Thr
260

Trp

Tyr

Gln Met
Ser Ser
310

Gly Ala
325

Glu Thr

Ala Pro

SEQ ID NO 137
LENGTH:
TYPE :
ORGANISM:

367

Glu

295

Gln

Gly

Glu

Ala

Ile

Ala

Arg

Leu

Ala
360

Asp

Glu

Asn

Val

345

Lys

Phe

Gln

Pro

330

Arg

Pro

Prototheca moriformis

137

Ser Leu
5

Thr Arg

Ala Pro

Ala Val

Glu Phe
70

Ile Phe
85

Gln Arg

Gly Asn

Thr Asp

Met Gln

150

Val Glu
165

Trp Val

Ser Ser

Pro Glu

Arg Leu
230

Ala Thr
245
Asp Met

Cys Leu

Gln Met

Leu

Ser

Gln

Arg

55

Trp

Leu

Leu

His

Pro

135

Ile

Thr

Leu

Trp

Leu

215

Ala

Pro

Asp

Glu

Glu

Ala

Gly

Arg

40

Ala

Glu

Glu

Thr

Ala

120

Glu

Gln

Trp

Arg

Val

200

Val

Leu

Ala

Met

Ala
280

Ile

Arg

Ala

25

Pro

Ala

Gln

Glu

Ile

105

Val

Leu

Met

Phe

Asp

185

Met

Arg

Pro

Pro

Asn
265

Val

Asp

Thr

10

Cys

Leu

Pro

Leu

His

90

Thr

Ala

Gln

Tyr

Gln

170

Lys

Ile

Val

Pro

Leu
250
Gly

Pro

Phe

Lys

Ile

315

Ser

Ala

Pro

Gly

Ala

Pro

Ala

Glu

75

Arg

Ala

Met

Glu

Arg

155

Thr

Leu

Asn

Lys

Ala

235

Arg

His

Glu

Lys

Ala

300

Pro

Cys

Arg

Lys

Val

Phe

Met

Val

60

Pro

Ile

Val

Trp

Ala

140

Tyr

Ala

Thr

Ile

Ser

220

Val

Gly

Val

His

Ala

Glu

Pro

Phe

Thr

Ala
365

Ser

Pro

Gln

45

Ala

Cys

Arg

Ala

Gly

125

Gly

Pro

Gly

Gly

Arg

205

Ala

Thr

His

Asn

Val
285

Glu

Cys

Gln

Val

Thr

350

Ser

Ser

Val

30

Arg

Val

Lys

Gly

Asn

110

Arg

Leu

Arg

Lys

Glu

190

Thr

Phe

Arg

Arg

Asn
270

Phe

Cys

His

Glu

His

335

Trp

His

Ala

Asp

Arg

Arg

Met

Asn

95

Ile

Ser

Ile

Trp

Leu

175

Ala

Arg

Phe

Ala

Gln

255

Val

Ser

His

Ala
Ala
320

Ser

Ser

Ser

His

Cys

Pro

Ala

Glu

Leu

Ser

Phe

Gly

160

Gly

Leu

Arg

Ala

Lys

240

Val

Ala

Asp

Ala
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Gly
305
Leu

Ile

Ala

290

Asp

Thr

Leu

Pro

Val

His

Arg

Ile
355

Ile

Asn

Ala

340

Asp

Ser Ser
310

Gly Ala
325

Glu Thr

Ala Pro

<210> SEQ ID NO 138

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Asp

Leu

Asp

Ser

Arg

Met

Ile

Trp

145

Ser

Pro

Ser

Leu

Thr

Leu

Leu

Lys

Met

Val

50

Arg

Leu

Thr

Gln

Asn

130

Leu

Ala

Tyr

Ile

Asp

210

Asn

Met

Glu

Ala

Leu
290

Pro

Ser

Leu

35

Phe

Thr

Asn

Leu

Ile

115

Thr

Ile

Tyr

Glu

Glu

195

Ser

Gln

Pro

Tyr

Met

275

Arg

Asp

Lys

20

Val

Arg

Ala

His

Glu

100

Lys

Arg

Ser

Ala

Val

180

Asp

Ile

His

Thr

Arg
260

Asp

Leu

328

295

Gln

Gly

Glu

Ala

Ala

Arg

Leu

Ala
360

Glu

Asn

Val

345

Lys

Cuphea hookeriana

138

Trp Ser

5

Arg Pro

Asp Ser

Gln Ser

Ser Ile

Cys Lys

85

Met Cys

Val Asn

Phe Ser

Asp Cys

150

Met Met
165

His Gln

Ser Asp

Gln Lys

Val Ser
230

Glu Val
245
Arg Glu

Pro Ser

Glu Asp

Arg

Asp

Phe

Phe

55

Glu

Ser

Lys

Arg

Arg

135

Asn

Asn

Glu

Leu

Gly

215

Asn

Leu

Cys

Lys

Gly
295

Leu

Met

Gly

40

Ser

Thr

Thr

Arg

Tyr

120

Leu

Thr

Gln

Ile

Lys

200

Leu

Val

Glu

Gly

Val

280

Thr

Leu

His

25

Leu

Ile

Leu

Gly

Asp

105

Pro

Gly

Gly

Lys

Val

185

Val

Thr

Lys

Thr

Arg
265

Gly

Ala

Gln
Pro
330

Arg

Pro

Thr

10

Asp

Glu

Arg

Met

Ile

90

Leu

Ala

Lys

Glu

Thr

170

Pro

His

Pro

Tyr

Gln

250

Asp

Val

Ile

Ile
315
Ser

Ala

Pro

Ala

Arg

Ser

Ser

Asn

75

Leu

Ile

Trp

Ile

Ile

155

Arg

Leu

Lys

Gly

Ile

235

Glu

Ser

Arg

Val

300

Pro

Cys

Arg

Lys

Ile

Lys

Thr

Tyr

60

His

Leu

Trp

Gly

Gly

140

Leu

Arg

Phe

Phe

Trp

220

Gly

Leu

Val

Ser

Asn
300

Pro

Phe

Thr

Ala
365

Thr

Ser

Val

45

Glu

Leu

Asp

Val

Asp

125

Met

Val

Leu

Val

Lys

205

Asn

Trp

Cys

Leu

Gln
285

Gly

Gln

Val

Thr

350

Ser

Thr

Lys

30

Gln

Ile

Gln

Gly

Val

110

Thr

Gly

Arg

Ser

Asp

190

Val

Asp

Ile

Ser

Glu
270

Tyr

Ala

Glu
His
335

Trp

His

Val

15

Arg

Asp

Gly

Glu

Phe

95

Ile

Val

Arg

Ala

Lys

175

Ser

Lys

Leu

Leu

Leu
255
Ser

Gln

Thr

Ala
320

Ser

Ser

Phe

Pro

Gly

Thr

Thr

80

Gly

Lys

Glu

Asp

Thr

160

Leu

Pro

Thr

Asp

Glu

240

Ala

Val

His

Glu



US 9,464,304 B2
355 356

-continued

Trp Arg Pro Lys Asn Ala Gly Ala Asn Gly Ala Ile Ser Thr Gly Lys
305 310 315 320

Thr Ser Asn Gly Asn Ser Val Ser
325

<210> SEQ ID NO 139

<211> LENGTH: 322

<212> TYPE: PRT

<213> ORGANISM: Umbellularia californica

<400> SEQUENCE: 139

Pro Asp Trp Ser Met Leu Phe Ala Val Ile Thr Thr Ile Phe Ser Ala
1 5 10 15

Ala Glu Lys Gln Trp Thr Asn Leu Glu Trp Lys Pro Lys Pro Lys Leu
20 25 30

Pro Gln Leu Leu Asp Asp His Phe Gly Leu His Gly Leu Val Phe Arg
35 40 45

Arg Thr Phe Ala Ile Arg Ser Tyr Glu Val Gly Pro Asp Arg Ser Thr
50 55 60

Ser Ile Leu Ala Val Met Asn His Met Gln Glu Ala Thr Leu Asn His
65 70 75 80

Ala Lys Ser Val Gly Ile Leu Gly Asp Gly Phe Gly Thr Thr Leu Glu
85 90 95

Met Ser Lys Arg Asp Leu Met Trp Val Val Arg Arg Thr His Val Ala
100 105 110

Val Glu Arg Tyr Pro Thr Trp Gly Asp Thr Val Glu Val Glu Cys Trp
115 120 125

Ile Gly Ala Ser Gly Asn Asn Gly Met Arg Arg Asp Phe Leu Val Arg
130 135 140

Asp Cys Lys Thr Gly Glu Ile Leu Thr Arg Cys Thr Ser Leu Ser Val
145 150 155 160

Leu Met Asn Thr Arg Thr Arg Arg Leu Ser Thr Ile Pro Asp Glu Val
165 170 175

Arg Gly Glu Ile Gly Pro Ala Phe Ile Asp Asn Val Ala Val Lys Asp
180 185 190

Asp Glu Ile Lys Lys Leu Gln Lys Leu Asn Asp Ser Thr Ala Asp Tyr
195 200 205

Ile Gln Gly Gly Leu Thr Pro Arg Trp Asn Asp Leu Asp Val Asn Gln
210 215 220

His Val Asn Asn Leu Lys Tyr Val Ala Trp Val Phe Glu Thr Val Pro
225 230 235 240

Asp Ser Ile Phe Glu Ser His His Ile Ser Ser Phe Thr Leu Glu Tyr
245 250 255

Arg Arg Glu Cys Thr Arg Asp Ser Val Leu Arg Ser Leu Thr Thr Val
260 265 270

Ser Gly Gly Ser Ser Glu Ala Gly Leu Val Cys Asp His Leu Leu Gln
275 280 285

Leu Glu Gly Gly Ser Glu Val Leu Arg Ala Arg Thr Glu Trp Arg Pro
290 295 300

Lys Leu Thr Asp Ser Phe Arg Gly Ile Ser Val Ile Pro Ala Glu Pro
305 310 315 320

Arg Val

<210> SEQ ID NO 140
<211> LENGTH: 345
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357

-continued

358

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Pro

Arg

Ser

65

Ala

Met

Asp

145

Met

Arg

Glu

Ile

His

225

Asp

Arg

Ser

Leu

Lys

305

Ser

Ile

<210>
<211>
<212>
<213>
<220>
<223>

Asp

Glu

Gln

Thr

50

Ile

Lys

Ser

Glu

Gly

130

Cys

Met

Gly

Glu

Gln

210

Val

Ser

Arg

Gly

Glu

290

Leu

Val

Asp

Trp

Lys

Leu

35

Phe

Val

Ser

Lys

Arg

115

Ala

Lys

Asn

Glu

Ile

195

Gly

Asn

Ile

Glu

Gly

275

Gly

Thr

Met

Tyr

Ser

Gln

20

Leu

Ala

Ala

Val

Arg

100

Tyr

Ser

Thr

Thr

Ile

180

Lys

Gly

Asn

Phe

Cys

260

Ser

Gly

Asp

Asp

Lys
340

SEQ ID NO
LENGTH: 4
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:

PRT

peptide

Cinnamomum camphora
140

Met Leu Phe Ala Val Ile Thr Thr Ile Phe Ser
5 10 15

Trp Thr Asn Leu Glu Trp Lys Pro Lys Pro Asn
25 30

Asp Asp His Phe Gly Pro His Gly Leu Val Phe
40 45

Ile Arg Ser Tyr Glu Val Gly Pro Asp Arg Ser
55 60

Val Met Asn His Leu Gln Glu Ala Ala Leu Asn
70 75

Gly Ile Leu Gly Asp Gly Phe Gly Thr Thr Leu
85 90 95

Asp Leu Ile Trp Val Val Lys Arg Thr His Val
105 110

Pro Ala Trp Gly Asp Thr Val Glu Val Glu Cys
120 125

Gly Asn Asn Gly Arg Arg His Asp Phe Leu Val
135 140

Gly Glu Ile Leu Thr Arg Cys Thr Ser Leu Ser
150 155

Arg Thr Arg Arg Leu Ser Lys Ile Pro Glu Glu
165 170 175

Gly Pro Ala Phe Ile Asp Asn Val Ala Val Lys
185 190

Lys Pro Gln Lys Leu Asn Asp Ser Thr Ala Asp
200 205

Leu Thr Pro Arg Trp Asn Asp Leu Asp Ile Asn
215 220

Ile Lys Tyr Val Asp Trp Ile Leu Glu Thr Val
230 235

Glu Ser His His Ile Ser Ser Phe Thr Ile Glu
245 250 255

Thr Met Asp Ser Val Leu Gln Ser Leu Thr Thr
265 270

Ser Glu Ala Gly Leu Val Cys Glu His Leu Leu
280 285

Ser Glu Val Leu Arg Ala Lys Thr Glu Trp Arg
295 300

Ser Phe Arg Gly Ile Ser Val Ile Pro Ala Glu
310 315

Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His
325 330 335

Asp Asp Asp Asp Lys
345

141

Ala

Pro

Arg

Thr

His

80

Glu

Ala

Trp

Arg

Val

160

Val

Asp

Tyr

Gln

Pro

240

Tyr

Val

Gln

Pro

Ser

320

Asp

Synthetic
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359

360

-continued

<400> SEQUENCE: 141
Lys Asp Glu Leu
1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 142

LENGTH: 6

TYPE: PRT

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Description of Unknown:
acyl-ACP thioesterase sequence

<400> SEQUENCE: 142

Leu Asp Met Asn Gln His
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 143

LENGTH: 6

TYPE: PRT

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: Description of Unknown:
thiocesterase sequence

<400> SEQUENCE: 143

Met Asp Met Asn Gly His
1 5

Higher plant fatty

Algal fatty acyl-ACP

What is claimed is:

1. A method of producing a lipid composition comprising:

(a) providing a culture medium with a population of
Prototheca cells, the cells comprising an exogenous
gene operably linked to a promoter sequence selected
from the group consisting of SEQ 1D NO: 96, SEQ 1D
NO: 97, and SEQ ID NO: 98, wherein the exogenous
gene is heterologous to the promoter sequence;

(b) adding depolymerized cellulosic material to the cul-
ture medium, wherein the added depolymerized cellu-
losic material has a glucose concentration of at least
600 g/IL and a salt concentration of less than 300 mM;

(c) cultivating the population of cells heterotrophically in
the dark thereby accumulating lipid in the cells; and

(d) isolating lipid from the cells to provide the lipid
composition.

2. The method of claim 1, wherein the depolymerized
cellulosic material is selected from the group consisting of
corn stover, Miscanthus, forage sorghum, sugar beet pulp
and sugar cane bagasse.

3. The method of claim 1, wherein the depolymerized
cellulosic material is washed with water or deionized prior
to addition to the culture medium.

4. The method of claim 1, wherein the exogenous gene
encodes a fatty acyl-ACP thioesterase that has hydrolysis
activity towards one or more fatty acyl-ACP substrates of
chain length C8, C10, C12 or C14.

5. The method of claim 4, wherein the fatty acyl-ACP
thioesterase has activity towards fatty acyl-ACP substrates
of chain length C8 or C10.

6. The method of claim 4, wherein the fatty acyl-ACP
thioesterase has activity towards fatty acyl-ACP substrates
of chain length C12 or C14.

7. The method of claim 4, wherein the lipid composition
has a profile of:

35

40

45

55

a. at least 4% C8-C14 fatty acids; and
b. one or more of the following attributes:
i. less than 0.4 micrograms/ml total carotenoids;
ii. less than 0.001 micrograms/ml lycopene;
iii. less than 0.02 micrograms/ml beta carotene;
iv. less than 0.02 milligrams of chlorophyll per kilo-
gram of oil;
v. 0.40-0.60 milligrams of gamma tocopherol per 100
grams of oil;
vi. 3-9 mg campesterol per 100 grams of oil; and
vii. less than 0.5 milligrams of total tocotrienols per
gram of oil.

8. The method of claim 7, wherein the fatty acyl-ACP
thioesterase has activity towards fatty acyl-ACP substrates
of chain length C14 and the percent C8-C14 fatty acids is
more than 30%.

9. The method of claim 1, wherein the Profotheca cells are
Prototheca moriformis.

10. The method of claim 9, wherein the exogenous gene
encodes a fatty acyl-ACP thioesterase that has hydrolysis
activity towards one or more fatty acyl-ACP substrates of
chain length C8, C10, C12 or C14.

11. The method of claim 1, wherein the population of cells
is cultivated in fed-batch cultivation mode.

12. The method of claim 1 wherein the depolymerized
cellulosic material is depolymerized by an enzyme.

13. The method of claim 1 wherein the depolymerized
cellulosic material is depolymerized by using acid, heat and
pressure.

14. The method of claim 1, wherein the depolymerized
cellulosic material comprises glucose and xylose.

15. The method of claim 1, wherein the promoter
sequence is selected from the group consisting of SEQ ID
NO: 96 and 97.



